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PREFACE 


I have adopted a general title, ‘ The Colours of 
Animals/ in order to indicate the contents of this 
volume, although the vast majority of the examples 
are taken from insects, and indeed almost invariably 
from a single order, the Lepidoptera. The examples 
are, however, employed merely to illustrate principles 
which are of wide application. 

I have purposely abstained from multiplying in¬ 
stances when a little observation or even reflection 
will supply them in large numbers. For example, 
the ordinary Protective Resemblances of mammals 
and birds are barely alluded to, on this account. On 
the other hand, more difficult problems, such as the 
change of colour in arctic mammals, or the meaning 
of the colours of birds’ eggs, are treated at far greater 
length. My object in both cases is the same: to 
stimulate observation in a subject which will amply 
repay investigation, from the scientific value of the 
results, and the never-failing interest and charm of 
the inquiry. 
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Variable Protective Resemblance in insects is 
treated in considerable detail, for the reasons given 
above, and because much of the work is so recent 
that no complete account can be found outside the 
original memoirs. 

My chief object has been to demonstrate the 
utility of colour and marking in animals. In many 
cases I have attempted to prove that Natural Selection 
has sufficed to account for the results achieved; and 
I fully believe that further knowledge will prove that 
this principle explains the origin of all appearances 
except those which are due to the subordinate prin¬ 
ciple of Sexual Selection, and a few comparatively 
unimportant instances which are due to Isolation or 
to Correlation of Growth. 

In support cf these views I have endeavoured to 
bring together a large amount of experimental evi¬ 
dence in favour of the theories as to the various uses of 
colour. Further experiments are still greatly needed. 

In the chapters on ‘ Sexual Selection ’ I have 
argued in favour of Darwin’s views, and have 
attempted to defend them against recently published 
attacks. 

At the conclusion of the volume I have brought 
forward a detailed classification of the various uses 
of colour, in which new, and, I believe, more con¬ 
venient terms are suggested. Definitions and exam¬ 
ples are also given in the classification, which is, in 
fact, a brief abstract of the whole book, 
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I have to thank the Councils of various scientific 
societies for the courteous permission to copy figures 
from their respective publications. The figures in 
the coloured plate are copied from the plates accom¬ 
panying Mr. Roland Trimen’s paper in the ‘ Trans¬ 
actions of the Linnean Society,’ vol. xxvi. pp. 
497-522. Figures 18, 19, 20, 21, and 22 are copied 
from the plate accompanying Mr. R. Bowdler Sharpe’s 
paper in the e Proceedings of the Zoological Society,’ 
1873, pp. 414 et seqq. Figures 3, 4, 5, 6, 7, 8, 11, 
14, 58, 60, 61, 62 are copied from the plates and 
woodcuts accompanying my papers in the ‘ Transac¬ 
tions of the Entomological Society,’ 1884,1885, 1887, 
and 1888. Figures 25, 26, and 27 are copied from 
the plate accompanying Mrs. Barber’s paper in the 
‘ Transactions of the Entomological Society,’ 1874, 
pp. 519 et seqq . Figures 29 and 30 are copied from 
the plate and woodcuts accompanying my paper in 
the ‘ Philosophical Transactions of the Royal Society,’ 
vol. 178 (1887), B, pp. 311-441. Figures 15, 16, 53, 
54, 63, 64, 65, 66 are copied from the woodcuts and 
plates accompanying G. W. -and E. G. Peckham’s 
paper in the * Occasional Papers of the Natural 
History Society of Wisconsin,’vol. i. (1889), Milwaukee. 
Figures 55 and 56 are copied from the plates accom¬ 
panying Professor Weismann’s 4 Studies in the Theory 
of Descent,’ translated by Professor Meldola. Figure 
10 is copied from one of the plates accompanying Dr. 
Wilhelm|Miiller’s ‘ Sudamerikanische Nymphaliden- 
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raupen’ (‘ Zoologische Jahrbiicher,’ J. W. Spengel, 
Jena, 1886). Figure 42 is copied from Yogt (‘The 
Natural History of Animals’: English translation: 
Blackie and Son). Figures 44 and 45 are copied 
from the plates accompanying ' Curtis’s ‘ British 
Lepidoptera.’ The remaining figures are original. 
Figure 17 was kindly lent me by Dr. A.. B. Wallace, 
to whom it had been sent by Mr. Wood-Mason. In 
preparing the drawings of the original figures I have 
been greatly assisted by my wife, my sister Miss L. S. 
Poulton, Miss Horman Fisher, Mr. Alfred Sich, 
Mr. Alfred Robinson, and especially by Miss Cundell. 

I have almost invariably referred to original 
papers from which facts or conclusions have been 
adopted; so that any reader having access to a 
scientific library may easily gain possession of further 
details. Not wishing to overburden the book with 
such notes, I have abstained from referring constantly 
to my own papers, although most of the examples are 
taken from them. A list of my papers which deal 
with the colours of insects is therefore printed below. 

* Transactions Entomological Society,’ London, 1884, pp. 27-60 
„ „ „ „ 1885, „ 281-329 

„ „ „ „ 1886, „ 187-179 

„ „ „ „ 1887, „ 281-821 

„ „ „ „ 1888, „ 516-606 

‘ Philos. Trans. Royal Society,’ vol. 178 (1887), B, pp. 311-441 
Abstract of the above in ‘ Proceedings Royal Society,’ 1887, vol. xlii. 
pp. 94-108 

‘ Proceedings Royal Society,’ 1885, vol. xxxviii. pp. 269-815 
„ „ ,, 1886, vol. xl. pp. 135-173 

‘ Proceedings Zoological Society,’ 1887, pp. 191-274 
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Short papers or notes (exclusive of those which 
are mere abstracts of the above) :— 


‘Proceedings Entomological Society,’London, 1887, pp. 1-li 



1887, ,, lxi-lxii 

1888, p. v 

„ pp. viii-x 
„ „ xxvii-xxviu 

1889 „ xxxvii-xl 


* Journal of the Victoria Institute,’ 1888, vol. xxii., ‘ On Mimicry.’ 


It is my pleasant duty to thank many friends for 
their kind assistance. I owe to Professor Meldola 
more than I can possibly express: his writings first 
induced me to enter upon this line of investigation, 
and I have had the benefit of his great experience 
and wise advice during the whole of the time that I 
have been at work. Nearly every subject touched 
upon in this volume has been discussed with him. 

Professor Westwood has always been most kind 
in helping me with the literature of the subject, with 
which he has so intimate an acquaintance, and in 
giving me the free use of the Hope collection at 
Oxford. Professor E. Eay Lankester has read the 
proof-sheets dealing with the classifications of the 
uses of colour, and has offered valuable suggestions. 
Several beautiful examples were suggested to mo by 
Professor C. Stewart. Dr. CHinther, Mr. Eoland 
Trimen, Mr. Oldfield Thomas, Mr. E. Bowdler Sharpe, 
Mr. P. E. Beddard, Mr. W. W. Fowler, and Mr. A. 
H. Cocks have been very kind in answering questions 
upon their special subjects. Sir John Conroy has 
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kindly helped me in explaining the physical questions 
involved in the first chapter. I am especially pleased 
to speak of the help received from my former pupils 
Mr. W. G-arstang and Mr. E. C. L. Perkins, who have 
supplied many valuable instances, which are specified 
in the volume, where other kind assistance is also duly 
acknowledged. 

Although I have ventured to disagree with my 
friend Dr. A. E. Wallace upon the subject of ‘ Sexual 
Selection,’ I wish to acknowledge how very much I 
owe to his writings, which I have very frequently 
quoted. I have also made great use of the late 
Thomas Belt’s extremely interesting and suggestive 
e Naturalist in Nicaragua.’ 

Among recent papers I wish especially to mention 
that by G\ W. and E. G. Peekham, of Milwaukee, 
U.S.A. The minute observation of these authors 
upon the courtship of spiders of the family Attida is 
a model for investigation in a subject which has never 
before been attacked systematically. 

Above all, I should wish to acknowledge, although 
I can never fully express, the depth of my indebted¬ 
ness to the principles which first made Biology a 
science, the principles enunciated by Charles Darwin. 
It is common enough nowadays to hear of new 
hypotheses which are believed (by their inventors) to 
explain the fact of evolution. These hypotheses are 
as destructive of one another as they are supposed to 
be of Natural Selection, which remains as the one 
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solid foundation upon which evolution rests. I have 
wished to express this conviction because my name 
has been used as part of the support for an opposite 
opinion, by an anonymous writer in the ‘ Edinburgh 
Review/ 1 In an article in which unfairness is as 
conspicuous as the prejudice to which it is due, I am 
classed as one of those ‘ industrious young observers ’ 
who ‘ are accumulating facts telling with more or less 
force against pure Darwinism/ 2 On the strength of 
this and other almost equally strange evidence, the 
Reviewer triumphantly exclaims, ‘ Darwin, the thanes 
fly from thee ! ’ In view of this public mention of my 
name, I may perhaps be excused for making the per¬ 
sonal statement that any scientific work which I have 
had the opportunity of doing has been inspired by 
one firm purpose—the desire to support, in however 
small a degree, and to illustrate by new examples, 
those great principles which we owe to the life and 
writings of Charles Darwin, and especially the pre¬ 
eminent principle of Natural Selection. 


E. B. P. 

Oxford : Dec. 28, 1889. 

1 Edinburgh Review. Article V. April 1888, pp. 407-47. 

2 p. 448. The bias of the writer appears in a most singular 
manner upon this page. In the short space of seventeen lines the 
following adjectives are divided between five writers and their works:— 
industrious, illustrious, gifted, well-read, acute, intelligent, brilliant, 
thoughtful. I need hardly say that all five writers are believed by 
the Reviewer to oppose the theory of Natural Selection. 
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CHAPTER I 

THE PHYSICAL CAUSE OF ANIMAL COLOURS 

Colours due to absorption 

The colours of animals are produced in various ways. 
By far the commonest method is the absorption of 
certain elements of light by means of special sub¬ 
stances which are called pigments , or colouring matters . 
The colour of each pigment is due to those elements 
of the light which it does not absorb, and which can 
therefore emerge and affect the eye of the spectator. 
Black is, of course, caused by the absorption of all 
the constituents of light, so that nothing reaches the 
eye. The colour of red pigment, like that of red 
glass, depends upon the fact that red is less absorbed 
than any other element of the light which passes 
through. If a sheet of red glass be placed upon 
white paper, the light traverses the glass, is reflected 
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from the surface of the paper, re-traverses the glass, 
and emerges. Similarly, in painting, bright effects 
are produced by covering a surface of Chinese white 
with the desired colour. The light passing twice 
through the thickness of the colour, absorption is 
far more complete than when only one thickness is 
traversed, as in a piece of red glass held up to the 
light. Absorption being more complete, the red colour 
is deeper. Animal pigments are nearly always twice 
traversed by the light, and therefore a very thin layer 
produces a considerable effect. 

Animal colours are therefore generally due to 
precisely the same optical principle which causes the 
colour of a wall-paper, a carpet, or a picture. Certain 
transparent animals are, however, for the most part 
coloured by light which passes but once through them, 
upon the same principle as the colours of a stained- 
glass window. The beautiful transparent blue of 
many pelagic animals, such as the Portuguese Man- 
of-war (Physalia), is caused in this way. 

It would be out of place to discuss the details of 
the causes of colour by absorption. I may, however, 
mention that vibrations of very different rates are 
started in the luminiferous ether by the sun, the 
electric light, &c. A certain series of these vibrations 
causes the effect of white light when it falls on our 
retina; but there are vibrations above and below 
this visible series—vibrations which we cannot see. 
We can, however, prove their existence in other ways ; 
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and it is certain that some animals can see vibrations 
which do not affect onr eyes. 1 The slowest vibrations 
that we can see, produce the effect of red, the most 
rapid the effect of violet, while the intermediate 
vibrations cause the other well-known colours of the 
rainbow or the spectrum. * . ; f 

The absorption of certain elemenfeof light there¬ 
fore means the disappearance of ethereal vibrations vw V-ovw^ 
with a certain speed. It is believed'mat these 
vibrations disappear because their motion has been 
communicated to the particles of the absorbing body. , 

It is also believed that these particles are in a state of £ : 

constant vibration, and that the vibrations of ether, £^ 0 ^^ ; 
which are timed to those of the body, are used up ,5 £' | 

in increasing the motion of the latter. 4 . _ j 

A wMte appearance due to light being scattered ! 

The production of white is due to a different 1 

principle, for we know that when light passes through f cu 3^* 


tered » 


A white appearance due to light being scattered ^ ' 

The production of white is due to a different 
principle, for we know that when light passes through 
a body without any absorption, the body is trans¬ 
parent and invisible rather than white. When all 
the light passes through, the body is completely in¬ 
visible. Whiteness is due to reflection of the whole 
visible series of vibrations, unaccompanied by the 
absorption of a part of them, as in the production of 
colours. But regular reflection, viz. reflection from 

1 Sir John Lubbock, The Senses of Animals , Chapter X. (Inter¬ 
national Scientific Series). 
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a polished surface like that of a mirror, does not 
cause whiteness : it renders the surface itself invisible, 
but produces images of surrounding objects. A white 
appearance is produced by irregular reflection, which 
causes the light to be scattered or reflected in all 
directions. To produce such a result there must 
be an immense number of surfaces in an immense 
number of different directions. If a coloured sub¬ 
stance be reduced to powder of various degrees of 
fineness, the colour will diminish in intensity, and 
' the whiteness will increase, according to the fineness 
of the powder; this is because the number of re¬ 
flecting surfaces is increased, while the thickness of 
the grains is diminished. This will be clear from the 
following consideration. When a beam of light falls on 
a sheet of glass, a known fraction (about 4 per cent.) 
of the light is reflected back from the first surface : the 
i. Ki fJ'udfi larger portion, however, enters the glass, and, after 
^aWiidwml suffering a certain amount of absorption, reaches the 
^^W% e cond surface and is again partially reflected. If the 
glass be powdered, the number of surfaces will be so im¬ 
mensely increased that all the light will be reflected 
by a small thickness of the powder. The light 
reflected from the second surface of each grain of 
coloured glass will still be coloured by absorption, but 
not sufficiently to produce any visible results, when 
the thickness of the grain is very small. 

Reflection is the immediate cause of whiteness, and 
the amount of reflection is due to the difference 
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between the refractive powers (viz. the power of 
changing the direction of rays of light) possessed by 
the grains of glass and the substance, such as air or 
water, which lies between them. Thus the refractive 
powers of glass and water are much nearer than 
those of glass and air: hence a dry powder will 
reflect far more than a wet one, and will appear 
much whiter. 

To take a few familiar examples : snow is white, 
because of the minute globules of air which refract 
very differently from the crystals between which they 
are entangled ; ice, on the other hand, is transparent. 
If snow be compressed the air is driven out, and the 
mass becomes transparent; if ice be powdered it be¬ 
comes white like snow. The froth of a coloured liquid 
is not coloured like the latter, but is white. Milk and 
fat are white because light is scattered from the 
surfaces of the countless oil globules, which refract 
very differently from' thc substance which lies between 
them. The surface of well-polished glass is almost 
invisible, because it reflects regularly, but a scratched 
surface is very visible, because there are surfaces in 
many different directions, which therefore scatter the 
light, while the far more numerous surfaces of ground 
glass scatter the light far more effectually and produce 
a white appearance. 

The white markings of animals are produced in 
various ways. White hairs and feathers owe their 
appearance, like snow, to the number of minute 
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bubbles of gas which arc contained in tin ir iii!* r 
Htiees. Fat is also made use of to give h white 
appearance; and the same result may he obtained hr 
the presence of minute granules, probably akin l<« 
pigment, but differing widely from it in optical pro¬ 
perties, in that no absorption takes place. 

Colours due to tMa plates 

It has been stated already that when light traver. < 
a sheet of glass surrounded by stir, a o* rt iin pro 
portion of it is refleeted hack at the tiro! ;;•><.*, 
a certain proportion at the second • mf-n >. I 1 ■ 
light will be reflected in the .smm din >1 rot f>.m 
both surfaces. It is believed that tin iilirov < a 
ether, some of which affect uh a - li- bt, a o b, • : • >> i 
of undulations of different length. ; it, t!-•?<;• -s», ?:< 
sheet of glass be sufficiently (bin, . ou« of tie u'.«i J ■, 
tions reflected from the second mrte.c v.iil im.. i- »• 
with those started from the lirst -infic . {In *.,11 
happen when the sheet is of such a ibielro* >. ;i< *J„ 

wave of light reflected from the i eond m-i>< ; b *,3t 
an undulation behind that retlectt >1 from •!< iu j 
surface; for then the two sets of undulation -a;’,! p. * , 
opposite directions, and will therefore n< uv.di . <Is 
other. 

This will be quite clear if we apply the mo,, 
reasoning to those visible tindulutiom, from ■«}({.), 
the name itself has been borrowed the wni< >. on th. 
surface of water. If a sot of ripples, b, »!»rt> d h* th. 
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rnotion of an object in still water, and then another 
set is started from another object moved, so that the 
nipples succeed each other at exactly the same rate 
a,s the preceding set, and if the second set is begun 
When the first has advanced half a complete ripple 
(viz. a movement up and down), it is clear that the 
upward movement of the second will correspond to 
the downward movement of the first and vice versa , 
so that, if the objects are so placed that the two sets 
of ripples are traversing the same sheet of water, 
they will neutralise and destroy each other. 

If we compare a number of sheets of glass which 
are successively thinner and thinner, interference will 
first occur among the longest undulations of light, 
because half an undulation will of course require a 
greater distance (or thickness) than when the undula¬ 
tions are shorter. As thinner and thinner sheets are 
examined interference will gradually pass through 
the whole spectrum from red to violet, destroying 
sets of waves with shorter and shorter undulations. 
The colour seen in .each case will be due to the other 
sets of waves which are not destroyed. 

The amount of reflection, and therefore of inter¬ 
ference and of colour produced, depends upon the 
difference between the refractive power of the thin 
sheet and the substance on each side of it. 

Such interference colours are seen in a soap- 
bubble, and the colours change as the bubble be¬ 
comes larger and the film thinner: they differ, too, 
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on tho various parts of the babbit, }» ran • jh> thin. 
ness also varies. A bubble of mils,.! ij.-ivi.- 

blown thin enough to produce tic . * i'U >■%,, v , 

arc also well soon when a thin lay* r r.f . f J r i * n. |, t . 
between two s1ici■is of glues or b# :rit* u to ;y ; *, t ,.v 
some crystals, or when u drop ,tf idl ?. 4 1 ; j * * s»»i j , ; 
spread out into a thin film on !h.- sufir. „f 
When a substance lias a lamina:* d ora.-!,)*-,, u,,| 
sufficiently thin films are endow d l, twe.jh. Lunin,, „ 
very marked effoclH are seen. Tho . tf„ Mjl} 
appearance of tin; laminated flulm* y.hj, U ,-,r. f„ ni „ ,j 
on tho surface of glass which lias b<, n j. SJr ;, ,j 
in the earth, is accounted for. If f,, ; ni u,: 

flakes arts wetted the colour fad-; away, ih.' 

thin iilms of air between the lauduie :u- <Ii pLc, j.- t 
water, with a refractive power mieb m m< rfi 4I1 > ,,j 
the glass, and the amount of Ml. < t«d light i , 
fore diminished. 


Interference colours dm- {*, thin film. «r, ,,, ? ,jn» v 
very important among sinm«d-, hot }j^ , 
which they occur is iuijterfcHlv known, 'fie u .j, 
cent colours of many beetles' winy- Ilfl p jM |«bh d,. 
to thin films of air included befwi «•» l«y, r, ,<f n J ,,, } m 
consistence. Budi colours ar< umdn » d j ?< dij, d 
specimens. In other ch-h tl„ chinlrn h 
tayer. aj« kopt opon I, fi|„„ M|v 

fcylivo ,1„. „ 

Sto, evaporate and U„. 

m “‘ "W** lh »* «* *«« kvm i|„, 


i iik mrsitaw. VAvm: ,\smht tvf.^rto ?i 

#if #jil» rafhin?*;* »’J h>i ' o 4* olo ino fin *«r; * Ur r a * 
flu v^b nr v,« all l> too 4nllhi 1 iknt » w f I < <* 

flu r« fry'll* j< o. i -f air i • * n a loo r th >.u Mo **l 
flu !i'j*a ! >. 1 1 f iilbn 1 h,< inh>r itpy* ? n ■ • A 

iiiaiiv »’l‘ry nbh * s y * MS;. hi flu *•» a , I-, <-o 

b t‘ 4 ii, * 4 ! y a I'lr *n imnh r nf Qn> **f li rof * ’•* o .< I 
K I a#« n flu b*MUtVA * f t!«»* *i* o« * a* i I <y i. If 4^ 

jiiijni }** l* y m i ? *»r * .a,*' *4* §* not mu, u, * » 

lui! ij; < Hj j" ki mo * 1;, a i a ,, Ok nrh b * o l 

r* o oM li ui# il ^ i »i 'w * : ,< 4 ■ '*.? ,\ la* " . > 

m\* ii in iif tn a 1 .* !?v b ■ I : . M. u j* h ■. 4 « * 

f||*trfil u.\ O* :/,< » < * '. i i, a a 4 * v •/< ><t 

la un i\ I ’<, \ul* L “Uj. • f j -a 1 ?L«, 4 ’»/ 44 u, ,4 

o 41> ii i * i ?4 t * r i * s ' a ? * * ' > 1 1> * hii 4 1 i ' 11. 

:sfa r )nl n r iif/A In f y n a * < , 1 - ! * ,,n » r >• r t i J 
if a ft v j ain/ru; ( ? ^ c % 'ra 

Colourn dn« l*i liiffnirlaiii 

Wli» a lb t hA f:hb, u| a u uuf.u'* - vh.'is 

ill* I'** h , m! ai,- |'U aa l 'U < . in* i ^ 

lit i'll-J Ii. : ;ln ;ij»jw- n- < *<> u‘i • i» * f^ < 1 ,u i u ' a / u,n,a 

flu" uiial*' at nhnh ?Li- Uuif uu ■ u» ^ ?,< 4 ^ , v t , 4 

I'lltll tlir *4'4; b :*a v,5,u a, „? Jum » 4 ' « r- ' 

lialif. r* f!^ !< 4 S fMia bib't - :n | 5 a**.. ^ s n * 
lu^iaa 4ifaMiit4i i t-ra—*a I m !'n* a 'm Uu 

<)larn»|' Uli4 ah* a uu- <*4 ><•',;> : t4 ,; 

i*-ry H** » ?L> * fj, f , info . o a 1 * h hi 

11 rfiiii}i|« fi' nnhni%*b n i<*r any j.nli ulu Irn.nii 4 
iilinilinji f tub thfviwi i>t .niu4, **n4 U*# oln %lu 4 i 
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of that particular rate in wanting fmm th« 
light, which therefore itp|M-ar« colour, -i. 

Opinions differ as to tin* r**|iitiv*- iiop'-rL'?:>•! 
animal colours due* to thin pint* s :md l. .linr:** u ,n. 
Many which were believed to result from L* bvn. r 
are in all probability due to the form* r. Tb* iri-J- - 
cent colours on the inner surfst-e of ore;:;. lb- 
(mother-of-pearl) are at any r»tr j<;trL <iL « . . -1 

diffraction, for an accurate cast of lie- nrio > » 
traces of the colours. 1 The ch< ll j , 1<< v u 
laminated structure, ami the roloiir,. urt* f* i> 
in part bo caused hy thin [dates. 

Colours due to refraction upriiimatie colour * 

When light passon u %«•*!*». *h;;j . 4 *(■»>,■ . 

parent substance (or pmnu with rn :tt* r >-<-h'.»<•!h<- 
power than the surrounding ineiliunt, h i !.■ n* in th 
same direction at both surfaei s, las! sl- 4iif< <■< nt * 
stituents are bent unequally. Tin slow, -s *. ii-niti**;).. 
(red) are bent least, the imwt rapid (tiob ti »;o >! , am! 
when the substance possesKis a siiftiei* ntly high r. 
tractive power, all the colours of whit* U*,»h? ar. >.«n 
arranged like the. rays of a fan in flu- urd*-r *.f th.-ir 
rates of vibration. Prismatic. colour-, lib* tin**. <4 tin- 
diamond are due to refraction. 

1 Professor 0. Stewart informs tin* Hint i** hn * { |* i *. 

original experiment, upon tvhkh ihi? ufam* m if, 

found that the colour wan duo In a tlwi hp>t ut »h* HMi , j | *,* i ,, if 
stripped off and adhered to the* »urfan* of th* m 
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It is doubtful how far the colours of animals are 
caused by this principle; but Dr. Gadow has given 
strong reasons for supposing that the metallic 
colours of birds’ feathers are produced in this way, 1 
and there are scales on the wings-cases of certain 
beetles (Pachyrhynchus) which also may owe their 
colours to refraction. 

All these causes of animal colours may be conve¬ 
niently grouped under two heads—(1) pigmentary, and 
(2) structural . The first head includes colours caused 
by absorption, and the effects produced vary with the 
chemical nature of the substance (pigment). The 
second head includes the colours or appearances pro¬ 
duced in all other ways, the efficient cause being the 
structure of the substance rather than its chemical 
nature. 

1 Proc Zool. Soc . 1882, pp. 409 et seq. 
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CHAPTER II 

THE VHUB OF (MLoVti 

I. Non-aigmflc&nt colour* 

Colour, as such, is not necessarily of any valm- u» m\ 
organism. Organic substances frequently )***'*-■'•*'»• « 
chemical and physical structure which muses wrlnin 
light-waves to be absorbed; or the t-bun<>nt* of tis¬ 
sues may bo so arranged that light is scattered, «<r 
interference colours arc produced. Thus Mmol is 
red, fat is white, and the external surface of the sir- 
bladder in certain fishes has a metallic lustre, like 
silver. In such cases there is no reason w hy w e should 
inquire as to the use or meaning of tin* colour in lh«* 
animal economy; the colour, as such, has no more 
meaning than it has In a crystal of aalphat© of copper 
or iron. Such colours are the Incidental results of 
chemical or physical structure, which i« valuable t*» 
the organism on its own account. This argument 
will be still further enforced if we mnimlmr that the 
colours in question are, strictly speaking, not colour* 
at all. Blood and fat are m constituted that they 
will be red and white, respectively, in the prwcnc© of 
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light, but they cannot be said to possess these colours 
in their normal position, buried beneath the opaque 
surface of an animal. 

The existence of nonsignificant colours is, never¬ 
theless, most important, for they form the material 
out of which natural or sexual selection can create 
significant colours. Thus, the colour of blood may be 
made use of for ‘ complexion/ while fat may be em¬ 
ployed to produce white markings, as in certain insect 
larvae. The yellow, brown, and red fatty matters of 
the connective tissue are accumulated beneath the 
skin in patches, so as to produce patterns. 

All colour originally non-significant 

All animal colour must have been originally non¬ 
significant, for although selective agencies have found 
manifold uses for colour, this fact can never have 
accounted for its first appearance. It has, however, 
been shown that this first appearance presents no 
difficulty, for colour is always liable to occur as an 
incidental result. This is even true of the various 
substances which seem to be specially set apart for the 
production of colour in animals; for pigments occur 
abundantly in the internal organs and tissues of many 
forms. The brilliant colours of some of the lower 
organisms are probably also non-significant. In all 
higher animals, however, the colours on the surface 
of the body have been significant for a vast period of 
time, so that their amount, their arrangement in 
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patterns, their -varying tints, and their relation to the 
different parts of the body, have all been determined 
by natural selection through innumerable generations. 
Because the origin of all pigments is to be found in 
the incidental result of the chemical and physical 
nature of organic compounds, it by no means follows 
that incidental or non-significant colours would have 
appeared at all on the surface of most animals. 
And we find as a matter of fact that such colours 
tend to disappear altogether, directly they cease to be 
useful, as in cave-dwelling animals. On the other 
hand, the non-significant colour of blood or of fat 
would persist undiminished in such forms. 


Colours may be destroyed by natural selection 

Just as natural selection may develop an appear¬ 
ance which harmonises with the surroundings, out of 
the material provided by non-significant colour, the 
same agency may lead to the disappearance of the 
latter when it impedes the success of an animal in the 
struggle for existence. Thus the red colour of blood 
has disappeared in certain transparent fishes, which 
are thereby concealed from their enemies. Among the 
manifold possible variations of nature is that of a 
fish with colourless blood, which can, nevertheless, 
efficiently perform all the duties of this fluid. While 
such a variation would be no advantage to the great 
majority of vertebrates, it would be very beneficial to 


* 
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a, fish which was already difficult to detect on the 
surface of the ocean on account of its transparency. 

II. Significant colours 

Colours may be useful in many ways, and are there¬ 
fore always liable to be turned to account in one direc¬ 
tion or another. They may “be of direct physiological 
value to the organism, ox may assist in the struggle 
for existence by deluding other species, or by aiding 
the individuals of the same species, or they may be 
intimately connected with courtship. 

1. The Direct Physiological Yalue of colour 

The colour of chlorophyll, which causes the green 
appearance of vegetation, must he intimately con¬ 
nected with the important changes which take place 
in this substance in the presence of light. It is well 
known that under these circumstances carbon dioxide 
(popularly called * carbonic acid ’) can be split up, 
and its carbon made to unite with the elements of 
water, forming organic substance. Although this 
process has been much studied it is still very imper¬ 
fectly understood. It is clear, however, that, the 
colour of chlorophyll, involving the special absorp¬ 
tion of certain light-waves, has some direct bearing 
upon the changes which occur. 

No equally clear instance has been proved to occur 
in the animal kingdom, except in those few forms 
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which resemble plants in posM suing chlnropln 11. Jo-. 
Hickson, however, believes that among enrol, * t h* iik 4 
widely distributed colours will r\t ntu.dly be prow d in 
be allied to chlorophyll... and perform a w-rv si mi- 
lar if not precisely identical physiological fntj< ik»n.' 
It is much to l>o desired that flu’s inf* r< >*>ing .■ 
tion, which Dr. Hickson Hiip|torb> by mum nrgunu n?- , 
may be thoroughly tested as soon a • j«*t i il*!* 

In tho very common association of colour. d < nb- 
stances with tho important function of r> ipir.iiioo, jt 
is clear that tho colour is not j»or» than in* id* nf.il; 
while the fish with transparent blood de<v., that 
colour is not indispensable for tin- da* j*» rfo/mam-. of 
the function. Pigment is, ho wet. r, of dimi import, 
anco for vision: it is always pre*. nf in fin » v of 
animals, except in the cane of albinoand if r ku4 
that even they possm the <wnti«l woud jdrw. ut 
associated with the termination of the optic ««rw 
(retinal purple). 

The difference between the physiol, .{deal importune 
of colour in animals and plants in w. 11 shown by t V 
fact that a trite albino variety (not im r< ly « uni. 
gated example) of a green plant could not In- tm «nv 
length of time. 

There are, however, certain » ;m f, among nniutub 
in which it is extremely probable that colour »; „f 
direct physiological value. It j« well known that 
dark colours readily absorb radiant beat, whihi light 

1 & Natmvlktin North Celrbn (Hieltwu, limn, in. >;i 
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called ‘warm-blooded,’ but are now more correctly 
termed ‘ homothermic,’ because it is the constancy of 
the temperature which is so important, and which 
must be maintained whether the surrounding medium 
be colder or warmer than themselves. Other animals 
with an inconstant temperature are now correctly 
called ‘ poikilothermic ’ rather than ‘ cold-blooded.’ 

Lord Walsingham’s conclusions appear to be sup¬ 
ported by the fact that young dark-coloured cater¬ 
pillars, like those of the Emperor Moth (Saturnia 
carpvni), or Tortoiseshell Butterfly (Vanessa urticce), 
seek the light side of a glass cylinder, and always 
change their position when the cylinder is turned 
round. The question needs further investigation, 
and much might be learnt by interposing various 
screens between such larvae and the light, thus cutting 
off different sets of light-waves. 

The most important support to the hypothesis is 
found in an experiment made by Lord Walsingham, 
in which several Lepidoptera of different colours were 
placed on a surface of snow exposed to bright sun¬ 
shine ; in half an hour the snow beneath the darker 
insects showed distinct signs of melting, but no effects 
were seen beneath the others. The differences were 
further brought out in the course of two hours, when 
the darkest insect of the lot, a black G-eometer, the 
Chimney-Sweeper (Odezia chcerophyUata), ‘had de¬ 
cidedly won the downward race among them.’ 

It is therefore certain that the absorption of 
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radiant heat is favoured by the dark colours of 
northern insects, and it is in every -way probable that 
they are benefited by the warmth received in this way. 
We cannot, however, as yet assert that such dark 
colours are not also advantageous for concealment or 
some other purpose. 

The white appearance of Arctic birds and mam¬ 
mals must be advantageous for concealment in a region 
so largely covered with snow, but it is very probable 
that advantage is also secured by cheeking the loss of 
heat through radiation. 

Thus Lord Walsingham’s experiments and con¬ 
clusions seem to prove that colours are sometimes 
of direct physiological value to animals, although a 
great deal more work must be done before we can 
safely estimate the proportion which this advantage 
bears to others also conferred by the same colours 
(see also pages 92-104). 

2. Protective and Aggressive Besemblance 

By far the most widespread use of colour is to 
assist an animal in escaping from its enemies or in 
capturing its prey ; the former is Protective, the latter 
Aggressive. It is probable that these were the first uses 
to which non-significant colours were put. The re¬ 
semblances are of various kinds ; the commonest cases 
are those of simple concealment. The animal passes 
undetected by resembling some common object which 
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ia of no interest to its enemies or prey re'*l«'«'tiv.-Iv. 
or by harmonising with the general .-fleet «f it* n.ir- 
roundings ; the former is Special, the latter t,.n>-ral 
Resemblance, and both may be Protective or A a>j« »»»;■, 
Among the most interesting Special A'jgr>s*u< Hem m. 
blances are the cases of Alluring Cahmrimuw mlik-h tire 
animal, or some part of it, resembles an object which 
is attractive to its prey. 

3. Protective and Aggrewrfve Mimicry 

Mimicry is in reality ft very important «. tso» of 
Special Resemblance. The animal gain- mhantag* by 
a superficial resemblance to some other,and j?t »e sally, 
very different, species which is well known ami dread* d 
because of some unpleasant quality, such as a -tine »r 
an offensive taste or smell, Ac., or it tuny* u n b> pr«*. 
tected from the animal it resemble'.: Urn* i« *»»» 
Mimicry. When,however, the animal resenthb - another 
bo as to he aide to injure the latter nr w*tm n|h»*> form 
■which accompanies it or is not afraid of it, f he M twure; 
is Aggressive . Although, strictly t-peaking, M> thing 
should fall under the last heading, it it* hi important 
and so different from the oilier fsotmph* of Sp.> tat 
Resemblance, that it is more convenient tn niiedd* r it 
separately. In the complete classification at »h* * nd of 
the book it will he shown in its true position. 
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4. Warning colours 

When an animal possesses an unpleasant attribute, 
it is often to its advantage to advertise the fact as 
publicly as possible. In this -way it escapes a great 
deal of experimental ‘ tasting/ The conspicuous 
patterns and strongly contrasted colours which serve 
as the signal of danger or inedibility are known as 
Warning Colours . In other cases such colours or 
markings enable individuals of the same species easily 
to follow those in front to a place of safety, or assist 
them in keeping together when safety depends upon 
numbers. 

It is these Warming Colours which are nearly 
always the objects of Protective Mimicry , and it will 
therefore he convenient to describe the former before 
the latter. 


5. Colours produced by Courtship 

Finally, in the highest animals, the vertebrata and 
many of the most specialised invertebrate groups, we 
have some evidence for the existence of an aesthetic 
sense. Darwin believed that this sense was brought 
into play in courtship, and that colours and patterns 
have been gradually modified by the preference of the 

females for the most beautiful males: he believed that 

* 

such Sexual Selection accounts for many of the most 
beautiful features possessed by animals, m. those 
which are especially displayed during courtship. 
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Although this hypothesis has been rejected by A. E. 
Wallace, I shall endeavour to support it by some 
striking observations of recent date, and by as far as 
possible answering the objections which have been 
raised, and the hypotheses which have been believed 
to account for the same facts. 

Display in courtship is probably the most recently 
developed of all the various uses of colour among 
animals, and as such, its consideration is best deferred 
until all the others have been described. 

It must not be supposed that the colours of each 
animal will be found to possess but a single use. 
Thus Protective Resemblances are often supplemented 
by Warning Colours or attitudes, which give the 
animal an extra chance of escape after its first line of 
defence has been broken through. It is also the 
general rule for the colours displayed in courtship to 
be hidden beneath protective tints when the animal 
is at rest. 

The colours of animals may be recapitulated as 
follows: 

I. Non-significant Colours. 

II. Significant Colours. 

1. Colours of Direct Physiological Value . 

2. Protective and Aggressive Resemblance . 

3. Protective and Aggressive Mimicry. 

, 4. Warning Colours. 

5. Colours displayed in Courtship. 
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CJIAPTEli HI 

PROTECTIVE RESEMIlLANCKH IN MU'IItoPTEHA 

The first and most important use of colour is to 
enable an animal to conceal itself from its t mmi<*s 
or to approach its prey inwetsn. 1 

Special and General Kaiembiancci 

Those results may 1 m* achieved in un» of two wn\ <■.: 
either the animal nitty more or 1* s;. eerily »■»■*.> ttibh 
some object which is of no intern*! jo if *,» te mi> <■, or 
it may harmonise with the gem ra! itrtedie effect of 
its surroundings, so that it dot s not ottnn f attention. 
We may therefore distiriguEh Sjm htf //.■«■>«/</•**..*», in 
which the appearance of a particular nhjt H E copicii 
in shape and outline us well as in colour, and /mood 
Resemblance, in which the general effeeE of surround 
ing colours arc reproduced. 

In the latter cast; it is oflrsii difficult to believe, 

1 This was thoroughly appreciated hy Eraamm Darwin, who 
says: ‘The colours ot many animal t wwm adapted to flint pa ?)*•>■«» 
ot eoneealing themselves, either to avoid danger or N *prit>« upon 
their ptey.’—JZoonomia, 1794, vol. i, p. 599. 
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Wo shall wo 1 ha! il i rmuumn I'm- a*< u, . I :•* m 
protected by Special lb :<» iui‘3 -/ .ie * > >4 4 

life, and b.v (icuentl li> ■* mbi.-uo* .c, ■> < * t< 

ho concealed at dilTen nt p< r>«<4 <4 4 M* ' ' 4m j • ’*' 

kinds of Special nr <*»•»< u»i l»* • te* >* f ■ s '« < 

Each of these form «>i IS* - u.!-‘ m* ■ u< <. l < 
Protectin'. or Atfunmii * neruidin;! * tl!*.• <t 1 m.i4 
use of to defend from sd tacit m !>.i • .i *. * sj' *< • 

Wo shall also moo that 1'rotu iji* 00 .1 i.< 11* 

semblances lusty la* cilia r ('ice n»m •*. \ iioil' ; in 
tho latter ease, the appearem < >4 .vljwir 1 • 

mont in order to corre»pnnd will* chai.c*;« n« lie * ?»• 
vironment. This, the hiidtrxl torso *1 IS* .«««I4 on *, 
will bo deferred until tin oxiimpb e of th> *,4Ut r bun 
have been considered. 

Ike Larva of Qeometne as example* of Kprml 
Protective Rowmblanee 

There is no better instance of Kpw'wt IVotiriiv. 
Resemblance than that utJurdwl by tin? linen «4 
Qeometm, * stick caterpillars* or * Iw^r#,' m tlrny 
are often called. These caterpillar* mp oxt.rc*»»»4y 
common, and between two and tho * bomb* 4 v}* .-»* •! 
are found in this country; hut the gnat tnujority are 
rarely seen because of their j »t i* » i n oddwi * to 
the twigs of the plants upon which they bod. Tin y 
possess only two purs of etes.j«*rc, or I** win. h j«> 
peculiar to the caterpillar stage, white in nearly all 
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other caterpillars there are five pairs. These claspers 
are placed at the hind end of the body, which is 
long, thin, and cylindrical, and stands out like a 
side twig at an acute angle with the stem to which 
the claspers are tightly fixed. The body also often 
possesses little humps which resemble buds or irregu¬ 
larities of the bark. The caterpillar sits motionless 



Pig. l.—The larva of Swallow-tail Moth. Fig. 2.—Twig of currant; the general 
(Ourapteryx sambucaiia ); last stage; appearance much like that of fig. 1. 
natural size. 

for hours together, and the only alteration of the 
attitude is brought about by feeding, which generally 
takes place in the evening or at night. The general 
appearance of one of these larvae and its resemblance 
to a twig is shown in figs. 1 and 2, for which I am 
indebted to the kindness of Mr. Alfred Sich. 

The strain on the body during these long periods 
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perfectinsect(set*fig. if; »!«.»fig,, m and it. | »,<. |:,*<. 
These pairs of legs are pbie» d «»n* on i wh of |||. 
body-rings behind Un: head. 

It is very intereating to notiee Ijoh tlx | } .«4 <.i 
these caterpillars is modified from flu; um*\ *.!»«}« 
into one which suggests the end of « t*ig. ft i* v« ? v 
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continuous with it (see fig. 7, page 31). Between the 
two pairs there is necessarily a furrow, where the body 
of the larwa lies along the cylindrical branch. This 
furrow, which, if apparent, would greatly interfere with 
the resemblance, is rendered inconspicuous in the fol¬ 
lowing manner. The under side of the caterpillar is 
somewhat flattened, so that it is in contact with a 
small part of the circumference of the branch, and 
the furrow on each side is partially filled up, at any 



(*> (c) 


Pig. 5. 

rate in certain species, by a number of fleshy tubercles. 
The shadow which would betray the furrow is also 
neutralised by the light colour of the tubercles. The 
effect will be clear on comparing a, 6, and c in fig. 5 : 
a is a section of a branch just below the point where 
a lateral twig comes off; b a diagrammatic section of 
a branch and the caterpillar’s body; c the same with 
the addition of the tubercles, which render the outline 
more like that of a . 

I will illustrate the extraordinary degree of resem- 




I»I; # r I 1 t \ S 1 rl'- 




IMUM 


11 


i.'jn;* -f *-v •■* •' * ! 

;4,,JJ. M-itU ' 

)jsr\;* vJi' u ’•* •! '' u 

fmuj'Jl’lifi! !**• ■'• 1 *" t 




|.y c. 

), ■ - * ,*> ;*.■ > ■' * 

«?| |l;» r'4>ffiftt—Ifcs'M 




f, 


ft- 




rv 4 <1- .* *» '*1 ‘ ’ 

(ii< , ;*>« I tu-*! ii *>* I'*' 1 ''' 

Miii'li"; ill.-.* :*f‘ * »•*' *■‘7 ‘”*1 »* 



(}j»- Inrvii, 111* hill*) f*«t «*f Mw* l#r*» h 

i,t 7 /s, . M "'I !•’• * 1 . »>».<•* 1 ., *!«..* H > 

«ri4 *!»«' j>r<*j«-«-ii«>u* wlijrh ****riij*y th*> 

tl«* luff's:! fin«l lit** t+fa'iit, 

’ lisriiiwii?’ #*f r«il«:<iir m *imi^ m .* ci* ltt« 

* 1 *** 1 *’» Tltr iiiiisilic'r *4 ll»« 

Iia»!!i«irfi jinriuillf cm*r**4 iff n ilitfi ■tii|w*tfirjsl 

likfpr *4 u hhip'h m * *m<5* <, . 


32 


THE COLOUBS OE ANIMALS 


deeper layers beneath are brown or green, or mixed 
brown and green; these tints become visible over a 
large part of the surface, owing to the breaking 
away of the thin layer. Hence the colour of the 
branches is brown or green, mottled with grey, and 
not only are these the exact tints of the larva, 
but the way in which the colours are blended is 
precisely similar in the animal and the plant. The 
marvellous fidelity with which the details are thus 
reproduced, probably implies that the relation between 
the larva and this species of food-plant is extremely 
ancient. It will be shown below that this caterpillar 
can also adjust its colour to that of its individual 
surroundings, so that it would become greenish if it 
passed its life among young green shoots, and brown 
if it lived upon the older twigs. It is altogether one 
of the most perfectly concealed forms in existence. 

When, however, such ‘stick caterpillars’ are 
young, they do not sit upon the branches, but upon 
the leaves of their food-plant, and the twig-like 
attitude would then be inappropriate, for we do not 
see twigs projecting from leaves. In some cases the 
caterpillars are green (e.g. Ephyra omicroncvria), and 
so possess a general harmony with the colour of the 
surface behind them; but in other eases they are 
brown, and then the attitude is often modified into 
a different form of Special Eesemblance. The 
caterpillar twists itself into a very irregular spiral 
(e.g. Ephyra pendularia, &c.), or into an exceedingly 
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angular zigzag (e.g. Selenia illunaria ; see fig. 8), thus 
resembling a dead and crumpled piece of leaf, or the 
spiral leaf-case made by other insects, or the excre¬ 
ment of birds or snails. The caterpillar of Selenia 
illunaria has a very similar structure and colouring 
at the times when it resembles such very different 
objects as a twig and the excrement of a bird, the 
whole difference being made by a modification of atti¬ 
tude alone (compare figs. 4 and 8). I have seen the 
larva of the Brimstone Moth twisted into a spiral, 
resting motionless close to the 
notch which it had eaten out of 
a leaf; in this position it forcibly 
suggested the appearance of a young iarva of 

00 Jrx Early Thom (Selenia Mu~ 

small piece of ieaf which had nSSis£ ted 0D a leaf; 
been accidentally torn, and had 
turned brown and curled up, remaining attached to 
the uninjured part of the leaf by one end. 

We may well suppose that the acquisition of a 
form and attitude which lend themselves so readily to 
the purposes of concealment, was very advantageous 
to the ancestral Geometrce , and enabled them to spread 
over the vegetable world, dividing into an immense 
number of species, and ousting many larvae with less 
perfect methods of concealment. In their widening 
range certain Geometrce have thus come to feed upon 
low-growing plants which are altogether without twigs 
or branches. The attitude is then modified, and sug¬ 
gests some object which might be expected to occur 
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upon the plant. Thus the caterpillar of the Straw 
Belle (Aspilates gilvaria), feeding upon such plants as 
yarrow and plantain, coils up the anterior part of its 
body into a flat spiral, with the head in the centre. 
Hence the attitude and the whitish colour of the larva 


produce a very considerable resemblance to a small 
bleached and empty snail-shell, which 



I'm. 9. — The 
larva of Largo 
Emerald Moth 
{Geometra 
papilionaHa); 
a green va¬ 
riety ; last 
stage; natural 
size. 


would be of no interest to any insect- 
eater. If the colour of the caterpillar 
were darker it might he mistaken for 
a living snail, and it is doubtful bow fur 
such a resemblance would be to its ad¬ 
vantage, in the case of birds. 

Another larva, that of the Large 
Emerald Moth (Gcometra papilitmnrht), 
feeding upon catkin-bearing trees, birch 
and nut, resembles the catkins rather 
than the twigs (sec iig. f)). It is short 
and stout, and the manner in which the 
body-rings succeed each other forcibly 
suggests the overlapping scales of a cat¬ 


kin. Some of the larva are green and 
some brown, like catkins of different colours. 


Protective Resemblance to bark and lichen in 
lepidoptera 

Certain caterpillars belonging to other groups are 
concealed by their resemblance to the bark of tolerably 
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invisible. The moth is' also similarly concealed, and 
rests on tree-trunks. 


A caterpillar which makes its surroundings 
resemble itself 

In all the examples hitherto described, and count¬ 
less others, the insect is defended by resembling its 
surroundings; the very interesting caterpillar of 

a South American 
butterfly (Anaea 

sp . ?), described by 
Wilhelm Muller, 

acts differently and 
makes its surround¬ 
ings resemble itself. 
It gnaws the leaf in 
such a manner as to 
leave a number of 
rough models of it¬ 
self attached to the 
mid-rib, and then sits down beside them. The cater¬ 
pillar is green above and dark beneath, although 
the former colour interrupts the latter at certain 
points and comes into contact with the mid-rib on 
which the insect is resting. The dark colour is not 
distinguishable from the deep shadow behind the 
leaf, and therefore the appearance is that of an 
elongated patch of green connected with the mid- 



FiG. 10.—The larva of Anaea sp, f on the mid-rib 
of a leaf on which are many pieces of leaf of 
the general appearance of the larva; third, 
stage; natural size; after Wilhelm Mttller. 
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rib by two narrow stalks. The larva, in eating, 
leaves several pieces of leaf attached to .the mid-rib by 
one or two stalks, which, therefore, present a very 
similar appearance to that of the larva itself. The 
concealment which is thus effected is sufficiently 
indicated in fig. 10. 


An appearance of leaf-like flatness conveyed by 
arrangement of colour 

Another very interesting example, in which the 
effect of shadow is gained by arrangement of colour, 
is afforded by the chrysalis of the Purple Emperor 
Butterfly {Apatwra iris). The large green pupa re¬ 
sembles a leaf in the most perfect manner, mid-rib 
and oblique veining being represented. I showed a 
small twig of sallow, to which a pupa was suspended, 
to several friends, but it was almost invariably over¬ 
looked ; even when it was pointed out, the observer 
frequently failed to see any difference between it and 
a sallow leaf. The most extraordinary thing about 
this resemblance is the impression of leaf-like flatness 
conveyed by a chrysalis, which is in reality very far 
from flat.' In its thickest part the pupa is 8*5 mm. 
across, and it is in all parts very many times thicker 
than a leaf. The dorsal side of the pupa forms a 
very thin sharp ridge for part of its length, but the 
slope is much more pronounced in other parts and 
along the whole ventral side, But exactly in these 
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places, where the obvious thickness would destroy the 
resemblance to a leaf, the whole effect of the round¬ 
ness is neutralised by increased lightness, so disposed 
as just to compensate for the shadow by which alone 
we judge of the roundness of small objects. The 
degree of whiteness is produced by the relative abun¬ 
dance of white dots and a fine white marbling of the 
surface, which is everywhere present mingled with the 
green. The effect is, in fact, produced by a process 
exactly analogous to stippling. The degree of lightness 
produced in this way exactly corresponds to the angle 
of the slope, which, of course, determines the depth 
of the shadow. By this beautiful and simple method 
the pupa appears to be as flat as a leaf which is only 
a small fraction of 1 mm. in thickness. 

Although the effect which I have just described 
could not have been surpassed by the efforts of an 
artist, it is precisely the result which can be most 
readily explained by the unaided operation of natural 
selection. The minute white markings are present 
J over the whole surface, and their number and size 
t must be subject to continual variation; in fact, it is 
\ quite certain that no two individuals are alike in these 
respects. The increased protection afforded by their 
more appropriate distribution in certain individuals 
would clearly lead to the survival of the latter, while 
the same process continued in each generation would 
lead to the elaborate and beautiful form of adaptation 
which is now witnessed in this species. 
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An analogous effect is produced by the larva of a 
Saw-fly (a plant-eating Hymenopterous insect), which 
rests stretched along the edge of a leaf. In this posi¬ 
tion the larva (Nematus curtispina) would be detected 
if it covered the notched edge of the leaf; it has, how- | 
ever, the habit of resting along the curved edge of the I 
gap made by its own exertions. From the side its # 
green ground colour is alone apparent, and it is very 
difficult to detect. When, however, the leaf is looked 
at edgeways, it would seem that the larva must be con¬ 
spicuous, because its thickness is much greater than 
that of a leaf. From this point of view the back of 
the larva is, of course, seen; along 
the middle line the tubular heart is 
more distinct than usual because of ri<*. m-The larva of 

Nematus curtispina; 

the transparent skin. The green in last stage; natural 
blood within makes the heart appear 
as a fine dark line against a white border on each 
side, which is entirely due to an accumulation of fat 
beneath the skin. The white band with the fine dark 
line down its middle produces the effect of the edge of 
the leaf, while the rest of the body on each side is 
green, shaded with dark pigment so as to appear much 
flatter than it really is. The appearance of the larva 
is shown in fig. 11. 

The case is also of special interest, because the 
colouring is chiefly derived from internal tissues or 
organs showing through a transparent skin. The 
ground colour is due to the green fluids of the body 




40 


THE COLOURS OR ANIMALS 


and the green contents of the alimentary canal. The 
dark shading is the only part of the appearance caused 
in the usual way by superficially placed pigment. 
Nearly all the colours of this animal are non¬ 
significant in many other insects. 

Reply to objection that methods of concealment 
would certainly be detected 

It has been sometimes objected that these methods 
of concealment cannot be intended as a means of 
defence, because insect-eating animals would be 
sharp-sighted enough to penetrate the disguise. Of 
course, the progressive improvement in the means 
of concealment has been attended by a corresponding 
increase in the keenness of foes, so that no species 
can wholly escape. But so long as a well-concealed 
form remains motionless, it is easy to prove by 
experiment that enemies are often unable to recog¬ 
nise it. Thus I have found that the insect-eating, 
wood-haunting Green Lizard (.Lacerta viridis) will 
generally fail to detect a ‘stick caterpillar ? in its 
position of rest, although it is seized and greedily 
devoured directly it moves. The marvellous resem¬ 
blance of Cleom lichenaria (see p. 35) even deceived 
one of these lizards after the larva had moved more 
than once. The instant the caterpillar became rigid 
the lizard appeared puzzled, and seemed unable to 
realise that the apparent piece of lichen was good to 
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CHAPTER IV 

PROTECTIVE RESEMBLANCES IN UiPtDoPTEIiA 
(continued), DIMORPHISM, ETC, 

General Protective Resemblance and change* of colour 
corresponding to change* in the surrounding* 

All the examples hitherto described illustrate Hjm rial 
Protective Resemblance. A good instance of (•no ral 
Resemblance is afforded by tin* large and roumtnti 
caterpillar of the Privet Hawk Moth (S/dihu 
Although the caterpillar looks ho coiixpienoiiH, it 
harmonises very well with its food-plant, and is imue* 
times difficult to find. The purple stripes inm-aw 
the protection by breaking up the large gri hi warfare 
of the caterpillar into smaller art ns. This eider- 
pillar also affords a good example of a rapid change of 
colour corresponding to a change of environment. 
When full grown it descends to the ground and 
hurries about in search of a spot to bury in, and, 
being very large and bright green, it would be ex¬ 
ceedingly conspicuous against the brown earth if it 
retained the usual colour. But just before it descend* 
the back begins to turn brown, and becomes finally 
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dark brown, so that the caterpillar harmonises well 
with the colour of its new surroundings. The sig¬ 
nificance of this change was first pointed out by 
Professor Meldola. Other nearly allied caterpillars 
feeding upon trees, such as willow or poplar, which 
grow in damp situations where the ground is covered 
with green vegetation, do not turn brown to anything 
like the same extent. 

A very interesting instance of exactly the opposite 
change at a corresponding period is afforded by the 
caterpillar of the August Thorn Moth (Eomomos crngu - 
lema ), a brown ‘ stick caterpillar,’ protected by a very 
perfect Special Resemblance to the dark twigs of the 
elm on which it feeds. When full-fed it constructs a 
very loose cocoon of elm leaves, so loose and open that 
it is easily seen within, and its brown body would be 
conspicuous against the background of green leaves. 
But at the same time the dark brown colour of its 
surface entirely disappears, and the animal is tinted 
by its green Mood, which is seen through the trans¬ 
parent skin; it is thus well concealed by General 
Resemblance to its new surroundings. 

Another exceedingly interesting case of the same 
kind of change is witnessed in the caterpillar of the 
Miller Moth (Acronycta lejporina,), which sits motionless 
on the under side of the leaves of the birch and alder, 
and is covered with very long beautiful hair which is 
brilliantly white, and bends over on aU sides so as to 
touch the leaf, forming a wide margin round the 
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caterpillar. Iionco all wo can wo is an oval conv«*x 
mass of a substance resembling white cotton wool, an 
appearance very suggestive of a cocoon (w fig. 12). 
The caterpillar’s body is almost invisible ; but on 
looking carefully we can just make out a dim curved 
shape beneath the white covering, just us a caterpillar 
or chrysalis appears through the walls of its cocoon ; 



»M. IS. —The tarn of MUI«r Moth (Aem- put, 19. - Tti»l.if»*Kf Mill*? 14«« 

» tilrrfi leaf; mm M«h* m 

adult j aatanu At, Iwtl to?*** immrnm •»#**» ; minml 

slit* 

furthermore, the larva is very short and thick, and Uiuh 
resembles the contracted state of a caterpillar before 
turning to a chrysalis. This perfect Bpecial Hewm- 
blance is kept up until the caterpillar Is full-fed, 
when it wanders over the bark and finally burrows 
in it. But a cocoon is a motionless object, and 
the resemblance, if continued, would Is* fatal, for it 
would attract attention. But an soon an the larva 
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is mature, the hairs become black and the body of a 
much darker tint, and the animal is then well pro¬ 
tected by General Resemblance to the dark surface 
over 'which it moves (see fig. 18). 

Although the bark of large birch trees is chiefly 
white, the caterpillar is, upon the whole, better con¬ 
cealed by becoming dark-coloured. It lives on small 
birches and alders with dark bark, as well as on 
large birches, and in the latter case it probably 
wanders among the wide dark chinks rather than 
over the smooth wide expanses, for it would certainly 
burrow in the former rather than the latter. 

Just before pupation the colours of caterpillars 
nearly always become dull, and it is in every way 
probable that such incidental changes have been 
seized upon by natural selection, and have been ren¬ 
dered advantageous to the species. Such alterations 
of colour are entirely different from those which will 
be described below, in which an animal can modify its 
appearance into correspondence with its individual 
surroundings. The larva of the Privet Hawk Moth 
almost invariably wanders over the earth when it 
has come down from its food-plant; hut if it were to 
descend npon turf, the brown colour would still be 
assumed, although green would conceal it more effec¬ 
tually. The change to hrown is, however, far safer 
for the average caterpillar, and is beneficial to the 
species on the whole, although it must lead to some in¬ 
dividual failures. In the far higher form of "Variable 
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Protective Resemblance, which will bo described in 
Chapters YIL, VIII., and IX., the individual can 
adjust its appearance to any of the various environ¬ 
ments it is likely to meet with in nature. 

Tho consideration of changes in colour very 
naturally leads to the subject of Dimorphism, 

Dimorphism in Lepidopterous larvae 

It has been already mentioned that the caterpillars 
of the Large Emerald Moth are sometimes green and 
sometimes brown. The same, is true of many lame, 
and in some of tho Mocha Moths ( Kjihgri'tit) the 
chrysalides are the same colour as the larva- from which 
they develop. These colours have nothing to do with 
sex, and tho appearance of the perfect iit»t cl does not 
seem to be influenced in any way by the larval dimor¬ 
phism. It is noteworthy that hath colours of dimorphic 
larvae are invariably of protective, value : they are, in 
fact, nearly always the two chief tints of nature 
green and brown. 

If we breed from moths developed from the green 
larvae of, e.g. t the Largo Emerald, the larva- in the 
next generation are chiefly green, and after «evi nil 
generations there is little doubt that the brown form 
would become excessively rare ; so also the- green form 
would disappear if we bred from the brown varieties. 
But in nature both’forms are common, and therefore it 
is certain that both must be advantageous to the sjiecit s, 


PROTECTIVE RESEMBLANCES—DIMORPHISM, ETC. 47 

or one of them would quickly disappear. I believe 
that it is a benefit to the species that some of its 
larvae should resemble brown and others green catkins, 
instead of all of them resembling either brown or green. 
In the former case the foes have a wider range of 
objects for which they may mistake the larvae, and 
the search must occupy more time, for equivalent 
results, than in the case of other species which are 
not dimorphic. 

Dimorphism is also valuable in another way: the 
widening range of a species may carry it into coun¬ 
tries in which one of its forms may be especially 
well concealed, while in other countries the other 
form may be more protected. Thus a dimorphic 
species is more fully provided against emergencies 
than one with only a single form. To take an ex¬ 
ample : the green colour of the young caterpillars of 
the Convolvulus Hawk Moth (Sphinx convolvuli) some¬ 
times persists, and is sometimes replaced by brown 
in the later stages. In Europe the latter form pre¬ 
dominates, because the creeping food-plant ( Con¬ 
volvulus aroensis) is so small that it is safer for a large 
caterpillar to resemble the earth beneath rather than 
the small leaves on its surface. In the Canary Islands 
and Madeira, where the larva feeds on many large- 
leaved species of Convolvulus, the green form pre¬ 
dominates, for it is far better protected than the other 
against a continuous green background. 

This result appears to have been brought about by 
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the ordinary operation of natural selection, leading to 
the extermination of the lei-.’ protected variety. I 
have experimented with all Urn diniorjilii>' bn;r nn »• 
tioned above, and could not find any truce «»f . !« «•> j*. 
tibility to the influence of surroundings, eo a* to h ad 
to tho production of the appropriate form, Winn 
such susceptibility is present, of course the dimoi pbi in 
has a far higher protective value. The «h >•*ripti‘<n of 
such cases is reserved for it future chapter. 

Occasionally the two forum of ji dimorphic ;pecj»-'« 
appear at different times and correspond to the tint:) 
which successively predominate in the Mirron»di»;,p, 
At one time I thought the brown form of the taupe 
Emerald caterpillar might appear rails r Inter than 
the other, when the green rations had heeii repluet d 
by brown; but further examination did not confirm 
tho observations which pointed in this direction, Jp\ 
Alexander Wallace, of Colchester, has, however, found 
that tho moths of Ihmht/r ri/nthui which are tie tin t 
to emerge from tho pupie possess, sis u nde, an ulh* • 
green ground colour, while i I lose which emerge hi 
September are generally of a yellow tint. These 
colours harmonise with the appearance ofthe,J»7.mt/o?* 
leaflets at corresponding times of the year. 

Dimorphism in the Perfect Insect 

Dimorphism is also met with in perfect inseetn, 
and it is especially frequent in the females (mm page’ 
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802 for an example of a dimorphic male among 
spiders). Its meaning is obscure, but one of the two 
forms is generally much rarer than the other, and 
probably the older. The facts seem to point towards 
the replacement of an older by a younger form, 
because the latter is more attractive to the opposite 
sex, or because it is better concealed, or because the 
appearance is accompanied by other benefits to the 
species. The dark variety of the female Silver-washed 
Fritillary (Argynnis jpapkia, var. valezina), and the 
white variety of the female Clouded Yellow (Colias 
edwsa, var. helice ), are examples of dimorphism among 
British butterflies. I exclude that form of dimor¬ 
phism, or polymorphism, which is caused by one sex 
* mimicking ’ two or more species which are specially 
protected (for a good example see pp. 234-88). 

An extremely important form of di- or poly¬ 
morphism occurs among the females of the social 
Hymenoptera. In this case, however, the different 
forms are specially fitted for certain duties, and the 
consequent division of labour is beneficial to the 
society and therefore to the species. 


Seasonal Dimorphism 

Finally, a species which passes through two or 
more cycles of development in a year, viz. one that 
is * double 5 or ‘ treble-brooded/ is often characterised 
by ‘ seasonal dimorphism/ in which the first brood is 

E 
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different in appearance, and often in size, from tin; 
later ones. Professor Weismann has investigated this 
question, and ho finds that while the later broods can 
ho readily made, by the application of ice in tin* pupal 
stage, to assume the form of the first or winter gene¬ 
ration, the latter cannot be made to assume tin* form 
of the summor brood by the application of warmth, 
Ho infers that such species were single-brooded in t he 
short summers which succeeded the (dacial Period, 
and that the appearance was that of tin- present winter 
form. As the summers became longer, other newer 
generations with a different appearance were added 
(summer broods), but the sj>eeics always tends easily 
to revort to the more ancient form. An im]>ortnnt 
part of the evidence consists in the proof that such 
species are now single-brooded In the northern part of 
their range, and that the one form is that of the 
winter brood of more southern localities. 1 

I have given a very brief sketch of dimorphism, 
hardly alluding to polymorphism, which is only an 
extension of the same principle. Although the subject 
is only touched upon, enough has been said to show 
that there arc many distinct kinds of dimorphism, 
some of which aro very obscure. By far the most 
important kind of di- or polymorphism remains to hr* 
described below (see Chapters VIIF. and IX.), in which 

' Bee Studies in the Theory of Dement, hy Augrnt Wwmmm. 

English translation by ProfeMw Mcfltloia, 
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only applies in the warmer wvaf Ii<t wlen ili« r« m 
an abundance of insect food, in th>‘ winl» r, in,-' ‘'timo¬ 
rous animals are pinched by hung* r, and W'>nS«l >i> m*>ar 
the pupa in spite of the cocoon. Wi tie refur, find 
that all cocoons which contain pupa* during tin- v.»ut,r 
are well concealed, eitiicr spun lulwn-n 1> av, ,< v. hi>-h 
fall off and become) brown, or hidden >md» r hmhnr 
moss, or constructed on tin* airfin'c of bail, wish » 
colour and texture which render:, th* jo , :4r» u»« !y 
difficult to detect. It is very common f*a* parthb ■„ >4 
the bark to be gnawed off by tin* larva and I'm d <-n b* 
the outside of the cocoon, it will l« idiowu h<low 
that many larvte can also control tint clour of llnir 
cocoons. 

Protective Resemblances in Butterflies and Moths 

The perfect insect is also coimuoidy defend 1 d by 
very efficient methods of concealment. Tin* iiodcj 
sides of the wings of butterlHes an gen- rally colour? 4 
like the surface on which the hea rt habitually n :4 k, 
and they aro the only parts seen during <* p<< >, VV*- 
can form some idea of the perfection <*f tin-, ruiioal- 
ment when wo romemher the entire disappearance <4 
common butterflies in dull weather. Many of th> m 
creep far down among thickly set Iruvea, while others 
rest freely exposed upon surfueca which liarmunisu 
with their colours. 

Perhaps the most perfect concealment attained 
by any butterfly is seen in the genus KaUitna, found 
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in India, the Malay Archipelago, and Africa. The 
way in which the insect is concealed has been described 
by Wallace in his ‘ Malay Archipelago/ and also in 
the 1 Essays on Natural Selection.’ The tip of the 
fore-wing is pointed like the apex of a leaf, and the 
hind-wing has a short tail like a leaf-stalk, while the 
outline of the folded wings between these extremities 
is exactly like that of a withered and somewhat 
shrivelled leaf. At rest the wings are held upright 
over the back, the head and antennae are concealed 
between them, while the tails touch the branch to 
which the insect clings by its almost invisible legs. 
Along the supposed leaf runs a distinct mark like 
a mid-rib, with oblique veining on either side. 

But dead and withered leaves are not all alike; 
they may be almost any shade of brown, grey, or 
yellow, while they are often attacked by fungi of dif¬ 
ferent colours and in different places. Similarly the 
under sides of the wings of the butterfly are excessively 
variable, the different colours and markings only 
agreeing in that they all represent some familiar ap¬ 
pearance presented by withered or decayed leaves. 

Dead leaves are often pierced by insect larvae, and 
a detail of great interest is added to .the disguise in 
the semblance of a small hole. The scales are absent 
from both sides of a certain spot on each fore-wing, 
which is therefore only covered by the thin transparent 
wing membrane. These spots come opposite to each 
other in the position of rest, and the effect produced 
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is exactly that of a hole, for the two membranes are 
so transparent that they are completely invisible. The 
sizo of the apparent hole varies very greatly in tho 
numerous specimens of KaUima inarlm , in tlm Hope 
Collection at Oxford. 

The upper sides of the wings, concealed during 
rest, are dark, with a deep orange bar ncroHH the 
foro-wings. I have heard a naturalist, who m ac¬ 
quainted with the Indian species ( KnUinut iwtchi*) in 
its natural surroundings, object to the interpretation 
afforded by Mr. Wallace, on the ground that he has 
often seen the butterfly displaying the conspicuous 
upper sides of its wings when settled, and has wen it 
resting on inappropriate surfaces. I do not think 
that this objection is fatal; for butterflies only Air¬ 
play their brilliant tints during the short pauses 
between tho successive flights, when they art* on the 
alert and can evade their enemies by wariness and by 
the swiftness of their flight. Our own beautiful Ibd 
Admiral (Vanessaatalanhi), I’eacoek (V, l>i), and Humli 
Tortoiseshell (F. where) similarly display their bril¬ 
liant colours when pausing on u flower or even on the 
ground. But during prolonged rest, when the insects 
are often semi-torpid and would he easily captured if 
detected, the wings are invariably held so that the 
sombre tints of tho under sides are alone visible. 
Hence the display of bright colours by tho Indian 
Kahima is no argument against tho protective value 
of the leaf-like appearance of tho under sides; for the 
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latter acts as a disguise when it is most necessary for 
the butterfly to be concealed. It appears that the 
Malayan species (Kallima paralehta) is more cautious 
during the brief pauses between the flights; for Mr. 
Wallace states that it frequents dry woods and thickets, 
and that it invariably settles on bushes with dry or 
dead leaves. He never saw one of these butterflies 
settle upon a flower or green leaf. 

A recent paper by Mr. S. B. J. Skertehly 1 en¬ 
tirely supports Mr. Wallace’s statements. The author 
calls attention to the fact that leaf-mimicking butter¬ 
flies, of several genera in addition to Kallinm, settle 
in an entirely different manner from that of other 
butterflies. While the latter gradually slacken their 
speed and settle deliberately, the leaf butterflies ‘ fly 
rapidly along, as if late for an appointment, suddenly 
pitch, close their wings, and become leaves. It is 
generally done so rapidly that the insect seems to 
vanish.’ 

Certain English moths are also protected by their 
resemblance to dead leaves. One of the most beautiful 
examples is afforded by the Herald Moth (Gonoptera 
libatrix), which suggests the appearance of a decayed 
red leaf sprinkled with a few white spots of fungoid 
growth; the irregularly toothed margin of the wings 
adds to the effect. The bright eyes of the moth might 
expose the deception, but they are covered during 
rest by a tuft of hair which springs from the base of 
1 Ann. and Mag. Nat. Hist. Sept. 1889, pp. 209 et seg. 
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the antennse (see fig. 14). When the moth is about 
to fly the antennas are brought forward, and the same 
action raises the tufts and uncovers the eyes. The 
moth appears in the autumn and lives through the 
winter, so that the resemblance to dead leaves is 
peculiarly appropriate. 

The Angle-shades ( Phlogophora meticulosa) is also 

beautifully concealed by 

f resembling a withered 

and crumpled leaf. The 
colours of the Yellow 
Underwing {Triphcena 
pronuba), as seen during 
flight, strongly suggest 
the appearance of a yel¬ 
low leaf whirled along 
by the wind and then 
suddenly dropping. The 

Via. 14.— The base of left antenna of awift vi'ao nnrl 

Herald Moth (Oonoptera Matrix), show- SUaaen SWlIb rise ana 

ing the tuft of hair which, covers the eyes • i -i l 

of the moth in the position of rest; rapid dCSCeilt 8)10 Very 

x 24*5 diameters. _ 

unlike the flight of a 
moth. When at rest, it hides deeply amid thick 
foliage or among dead leaves on the ground; it is 
extremely difficult to detect, and instantly rises when 
disturbed. 


The Key. Joseph Greene has pointed out that the 
various shades of yellow and brown are especially 
•characteristic of autumn moths, while grey and silvery 
tints predominate in the winter species; such tints 
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harmonise with those that are most characteristic in 
the corresponding seasons. 

The Buff-tip Moth (Pygcera bucephala) is very 
perfectly concealed by resembling a broken piece of 
decayed and lichen-covered stick. The cylindrical 
shape is produced by the wings being rolled round the 
body. A friend 1 has raised the objection that the 
moth resembles a piece of stick cut cleanly at both 
ends, an object which is never seen in nature. The 
reply is that the purple and grey colour of. the sides of 
the moth, together with the pale yellow tint of the parts 
which suggest the broken ends, present a most perfect 
resemblance to wood in which decay has induced that 
peculiar texture in which the tissue breaks shortly 
and sharply, as if cut, on the application of slight 
pressure or the force of an insignificant blow. 

The excreta of birds are also very commonly re¬ 
sembled by moths as well as by caterpillars. This 
is the case with the little Chinese Character (Cilix 
spinvla ), 2 and with many grey and white Geometers 
which rest on the upper sides of leaves with their 
wings extended as if ‘ set.’ In this position they 
forcibly suggest the appearance of birds’ excrement 
which has fallen on to a leaf from a great height, and 
has therefore become flattened into a wide patch. In 
spite of a faithful resemblance to such an object, these 
moths possess very great beauty. 

1 Dr. C. M. Chadwick, of Leeds. 

2 Arthur Sxdgwick, Joum. of the Rugby School Nat Hist Soc . 
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The appearance of splinters of wood is a bo often 
suggested by moths such m tlm * Shnii.. ’ 
or Goat Moth {(Jimm). Oth» r.~i ith> urfiic< • 
of rock upon which they habitually n t 
many Geometers, &e.). 

I have merely given a few striking instances of 
resemblance to objects which are of n<> iut> n to 
insect-eating animals. Numerous nth* r * x ample* 
might have been added, hut my object in no t< Is t>* 
illustrate from the Lopidttptent a principle of colour¬ 
ing which is of extremely wide application, viz. it,< 
use in aiding an organism to * trap** from *in-mu s 
by the method of concealment. Abundant examples 
of this principle will la* recognised by ev< ry one 
interested in natural history, among other orders of 
insects as well as the Lepidoptem, among vert* brute 
animals no less than among tint invertebrate with- 
kingdoms. 

Protective Resemblances in other Insects and in Spiders 

In the other orders of insects, the Orthoptera 
(locusts, grasshoppers, &<:,) will he found to include tin* 
most beautiful examples of Protective ilenetublunr*'. 
The tropical * leaf insects ’ and ‘ walking-stick insects ’ 
belong to this order. The latter hold their limbs 
irregularly, so that the resemblance to a dead branch 
with lateral twigs is rendered all tin; more ja rfcct. 
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CHAPTER V 

PROTECTIVE llEHEMHLA NCEB IN VEliTt' 
BRAT A, ETC. 

Many of the lower Vertehrnta lm\t* t!i< po\v< r of 
rapidly modifying their colour according to the • u* 
vironment, and those will he described in a fntmv 
chapter. Such a power appears lo he * d hy 

few reptiles, and hy no bird or mammal. 

Protective Resemblances among Reptiles 

Our two English Htiakcg arc well conceded hy 
their colours; the olive-green (irate Kindle (Tr>^i- 
donotus natrix) liartnoiiiMing well with the gra**y hanks 
which it ehiolly fmpients; while the brown wjn r 
(PeUa$ berux) is difficult to detect upon the dry la-ailm 
where it is most commonly found. Our lizard* mu: 
also well protected in the same umnmir. 

Protective Resemblances among Birds 

Wallaco has directed attention to the protective 
colours of female birds which build open nests, and hr 
points out that the males are similarly protected uh< n 
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they undertake the duties of incubation. The same 
necessity does not apply to species which construct 
covered nests or build in holes. 


The Colours and Markings of Birds’ Eggs 

The protective value of the tints and markings 
of eggs are of great interest, and have not been 
sufficiently investigated. The fact that eggs are 
protectively coloured was fully recognised by Erasmus 
Darwin, who places them under ‘colours adapted to 
the purpose of concealment.’ He says ‘the eggs of 
birds are so coloured as to resemble the colour of 
the adjacent objects and their interstices. The eggs 
of hedge-birds are greenish with dark spots; those 
of crows and magpies, which are seen from beneath 
through wicker nests, are white with dark spots; and 
those of larks and partridges are russet or brown, like 
their nests or situations.’ 1 This description of the 
eggs of crows and magpies is incorrect. The eggs 
of crows are greenish with umber markings; those 
of magpies pale greenish with dark markings. It is 
probable that Erasmus Darwin correctly explained 
the appearance of the eggs of the wood-pigeon (see 
p. 62), and inadvertently illustrated this principle of 
colouring by erroneous instances. The special men¬ 
tion of the interstices between the parts of sur¬ 
rounding objects, as well as the objects themselves, is 


Zoonorma,, 1794, toI. i. p. 510. 
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of great interest; protective colouring can never be 
fully understood until this principle is taken into 
account. 

In order to make out the true meaning of the 
colours of eggs they must be observed in their natural 
surroundings, and must be looked at from all points 
of view and at varying distances. It is very probable 
that the bright blue colour of certain eggs will be 
explicable under these conditions. 

The fact that concealed eggs are almost invariably 
white strongly confirms the conclusion that the colours 
of exposed eggs are of value to the species, and are 
maintained by the operation of natural selection. 
Certain exposed eggs may, however, be white, as in 
the wood-pigeon, but in these cases the eggs are pro¬ 
tected from enemies beneath ; for the holes in the 
loosely constructed nest through which they are seen 
cannot be distinguished from others through which 
the bright sky appears. 

The whiteness of eggs hidden in holes or in covered 
nests, or buried under leaves, is of a very different 
nature, for it is due to the cessation of natural selec¬ 
tion, perhaps aided by reversion to the ancestral 
colour, which is still preserved in the eggs of reptiles. 
All useful characters are kept up to a high pitch of 
efficiency by the continual elimination of the unfittest, 
and as soon as such elimination ceases, the level of 
efficiency must fall. This interpretation is confirmed 
by the fact that the eggs of certain species which now 
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nest in the dark still retain traces of patterns which 
are well developed upon the eggs of their nearest allies 
with other habits. Thus the egg of the puffin, which 
nests in a burrow, would be called white at a little 
distance, but closer examination reveals the presence 
of very faint spots, which are distributed as in the 
very distinctly marked egg of the razor-bill. 1 Certain 
other species still lay strongly marked eggs in the 
dark, and in their case the change of habit presumably 
took place at a comparatively recent date. Such a 
conclusion can be tested by an investigation of the 
habits of closely allied species. Although white must 
have been the ancestral colour of birds’ eggs, it has 
probably been re-acquired in species which nest in the 
dark. It would be very difficult to believe that such 
a habit has persisted continuously since the time when 
all birds’ eggs were white. 

The strongest confirmation of this explanation of 
the whiteness of hidden eggs is, however, to be found 
in the colours of the eggs in the various breeds 
of domestic fowls. If the gradual disappearance of 
colour is due to the cessation of natural selection, we 
must expect it to occur, however the cessation has 
been brought about. Natural selection cannot operate 
to preserve the colour of eggs laid in the dark, and it 

1 This interesting example attracted my attention while looking 
over a collection of eggs in the possession of my friend, Mr. E. H. 
Greenly. Mr. H. Seebohm informs me that he has no doubt about 
the validity of this interpretation, which was suggested in his Work 
on British Birds , 1885, vol. iii. p. 367* 


64 


THE C0L0UBS OF ANIMALS 


is equally inoperative when enemies are artificially 
excluded from eggs laid in open nests. And the eggs 
laid in our poultry-yards afford conclusive evidence 
that colour disappears as surely under the latter 
condition as under the former. The brown colour 
must be a very important protection to the eggs of 
the ancestor of our domestic breeds, the Asiatic jungle 
fowl (Gallus bankiva); while a white appearance 
would greatly add to the danger of discovery by egg-, 
eating animals. But there is no such difference be¬ 
tween the value of white and brown in confinement, 
and we accordingly find that the colour is disappear¬ 
ing. Certain fowls lay white eggs, and the tint of 
those which still lay coloured eggs varies considerably, 

‘ the Cochins laying buff-coloured eggs, the Malays a 
paler variable buff, and Games a still paler buff. It 
would appear that dark-coloured eggs characterise the 
breeds which have lately come from the East, or are 
still closely allied to those now living there.’ 1 

Erasmus Darwin further suggested that the colours 
of eggs, in common with other protective colours, may 
be due to the effect of the imagination of the female. 2 
This suggestion has been still further elaborated by 
A. H. S. Lucas, 3 but no real proof of it is brought 
forward in his paper. That eggs resemble their sur- 

1 Darwin, Variation of Animals and Plants under Domestication , 
1875, yoI. i. p. 261. 

2 Log. cit. p. 511. 

8 Boyal Society of Victoria , 1887, pp. 52-60. 
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roundings is explicable by the operation of natural 
selection, while the gradual loss of colour when natural 
selection ceases to operate, is in opposition to Mr. 
Lucas’s hypothesis, which assumes that the colour of 
the shell is determined by the influence of surround¬ 
ing tints upon the retina of the female. If the rusty 
spots on the eggs of birds of prey are due, as Mr. 
Lucas supposes, to the sight of blood, eggs laid in the 
dark should still be affected by the memory of some 
colour either predominant in the surroundings, or of 
especial interest to the female. The hypothesis might 
easily have been tested by surrounding birds with un¬ 
usual colours and observing the tints of their eggs: 
and, had this been done, I believe that the paper would 
not have been written. 

Since the last paragraph was printed, a letter from 
the Eev. F. F. Grensted has been communicated to 
‘ Nature ’ by Mr. A. E. Wallace. 1 The writer believes 
that the colour of the egg of the red-backed shrike 
varies with the tint of the lining material of the nest. 
Mr. E. B. Titchener maintains that there is not suffi¬ 
cient evidence for this opinion. At one time Mr. 
Titchener believed that Variable Protective Eesem- 
blance was exhibited by the eggs of the yellow- 
hammer and spotted fly-catcher as well as by those 
of the red-backed shrike. Further observation con¬ 
vinced him that the evidence was insufficient. 2 

1 Nature, vol. 41, Nov. 21, 1889, p. 53. 

2 Ibid., Dec. 12, 1889, pp. 129-80. 

F 
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The strongest argument used by Mr. Lucas is the 
fact that cuckoos at first sight appear to have the 
power of adjusting the colour of their eggs to those of 
the birds which are so successfully imposed upon. It 
seems to be certain, however, that the cuckoo carries 
her egg to the nest in her beak ; for there are numerous 
instances of the cuckoo’s egg having been found in 
a nest which the bird itself could not possibly enter, 
and Mr. Lucas gives examples of the same kind from 
Australia. The cuckoo has therefore the chance of 
seeing the colour of her egg, and of carrying it to the 
appropriate nest. It is also possible that different 
individuals lay eggs of a different shade, and deposit 
them in the nests of species with eggs of a correspond¬ 
ing appearance. The whole relation of the cuckoo to 
the birds it deludes is most interesting, but very 
difficult to decide satisfactorily, because of the extreme 
shyness of the bird. I do not think, however, that the 
facts which are now at our disposal afford sufficient 
justification for the opinion that the female cuckoo 
can control the colour of her eggs. 

I have discussed the colours of birds’ eggs at some 
length in the hope that those readers who are interested 
in the subject may be induced to observe for them¬ 
selves, and assist in obtaining a far more complete 
knowledge of the meaning of the colour and marking 
of eggs than we at present possess. 

I know of no more inspiring subject than the 
colours of birds’ eggs. The most superficial glance 
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appendages, most of which are supported by a bony core. 
The appendages are flat, and are alternately banded 
with dusky brown and orange, exactly resembling the 
form and colour of the sea-weed to which the fish 
clings with its tail. There also are many bony spines 
without the flat folds of skin, and these are doubtless 
defensive. 

The general arrangement of colour on porpoises, 
most fish, &c., has been well explained by Wallace. 

‘ Looking down on the dark back of a fish it is almost 
invisible, while, to an enemy looking up from below, 
the light under-surface would be equally invisible . 
against the light of the clouds and sky .’ 1 

The white colour of one side of such fish as the 
sole, turbot, &c. (Pleuronectida), viz. the side which 
is in contact with the sand or mud, cannot be ex¬ 
plained in this way. In such a case we see the dis¬ 
appearance of colour in consequence of the cessation 
of natural selection, as in the white eggs laid in the 
dark, while the white bellies of many fish may be 
compared to the whiteness of the eggs of the wood- 
pigeon, an appearance produced by the operation of 
natural selection. 

It has been already pointed out that natural 
selection may not only remove the pigment from an 
animal, but may even replace the red blood of a 
vertebrate by a colourless fluid. The transparency 


1 Tropical Nature, p. 171. 
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interesting example was brouglit Jim by Mr. 

Garstang, viz. that of tlui Opisthobranch mollusc, 
Herman, which is transparent ami therefore invisible, 
except for the * hepatic ’ canals, which simulate in form 
and colour the reddish weed (Uriffithzin) on which the 
animal usually lives. Mr. Garstang finds that the 
colour is purely adventitious, being due to the food 
undergoing digestion (seo pp. 7 U, HO}. Another English 
species of llernum is green, and luci on giv* u w« etln. 

Mr. II. L. Osborn has published a v< ry iulf reding 
note on the resemblance between the colour of a coral 
on the North American coast and the ninliu; c which 
habitually lives upon it. 1 lie states that 1 >r. K. 1$. 
Wilson, working in 187b in J)r. J5roiiks’s lahoratory 
at Beaufort, N.C., found an orange-yellow coral 
(Leptogorgiavinjnlatu) invariably attended by a gastro. 
pod of the same colour (Onilttm tutipii<uhnt<\, which 
was never seen apart from the coral. Dr. Wilson’s 
coral occurred in shallow water. In JHK I, Mr.Odtorn, 
also working at Beaufort, found a Ltp(ttg»rijia in ten 
fathoms of water, of the same general habit as I„ r>r* 
gidata, but of a deep rose colour, almost purple. The 
ground-colour was mottled with white round the open- 
ings of the polypes. A large number of molluscs worn 
found on the coral, and these had red-brown shells, with 
the surrounding skin of a deep rose colour mottled with 
white. Except for this difference in colour the molluscs 
exactly resembled 0. miiplimtim, and Mr, Osborn con- 
1 H. L. Osborn, Scwm, Hew York, 1885, vL ftp. b«ib* 
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CHAPTER VI 

AGGRESSIVE RESEMBLANCES—AD VENT IT 10 US 
PROTECTION 

Aggressive Resemblances 

Passing now to Aggressive Resemblances, the appear¬ 
ance of the larger Carnivora harmonises well with 
their surroundings, enabling them to approach their 
prey. The colours of snakes, lizards, and frogs are 
doubtless Aggressive as well as Protective. Certain 
carnivorous insects, such as the Mantidce , are well- 
concealed by their colour; and this, although chiefly 
Protective, is probably also of value in enabling them 
to creep upon their prey. Aggressive, like Protective, 
colouring may be either Special or General. 

Alluring Colouration 

Special Aggressive Resemblance sometimes does 
more than hide an animal from its prey; it may even 
attract the latter by simulating the appearance of 
some object which is of special interest or value to it. 
Such appearances have been called Alluring Coloura- 
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species of Ccmtim) the foremost tentacle hear* a 
luminous organ which is suspended as a hire in front 
of the mouth . 1 The prey are attracted hy tin* light 
into this convenient position for effecting th. ir rupture. 

An Indian Mantis {Hiimniiqnm bimrnis) feeds 
upon other insects which it attracts hy its tlower-like 



Fto, 17 .— IlfmtmjM MmraU In iwiifr j«*| ,t 

shape and pink colour. The apparent petals are the 
flattened legs of the insect. The appearance of the 
Mantis in the active pupa stage is shown in fig. 17. 
The figure has been copied from a drawing sent hy 

1 A. Gttnther, Challenger Ilttwri*, vol. xxii. p. 6$, and Intrcxluo* 
tion, p. xxx. The [funoitoa of the luminous orpui «n» !r§4 aiig- 
gested by LCLtken. 
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give an advantage to the possessor in the constant 
struggle for food. 

Adventitious Protection 

Before proceeding to describe the powi r »*f Vari¬ 
able Protective llesemblanco posscHsed by tunny 
animals, it is necessary to point out that effects 
Himilfl.r to those described above may be punt'd by 
moans which supplement the acquisition of any Hpecittl 
colour and form, or which may entirely replace theso 
methods of producing concealment. Many animals 
cover themselves with objects which arts prevalent in 
their surroundings and arts of no interest to their 
enemies. Sometimes the meaning of this habit is 
concealment alone, but in other cases object*! of great 
strength are selected ami bound firmly together no 
as to form a resistant armour. 

Many Lopidoptcroua larva 1 live in en < i made of 
the fragments of the substance upon which they 1 m. 
The eases of the larvte of Clothes Moths are only too 
well known; those of the /bo/c/m/tr are made 1 of leaf 
or brown grass stems. The. larva of the \vmu-% 
Emerald Moth (<7 mmrlrn »imrn>jthtrUi) rovers it >elf 
with a loose case made of fragments of It hu h -pun 
together with silk. The cocoons of l.epidopb tn are 
frequently concealed by containing fragim-uP of wood 
or bark gnawed off tins surface nit which the coeoon is 
constructed (6 'crura, Cilu, IJcinerophitu, Ac,). Birds' 
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nests are often similarly concealed; the lichen-covered 
nest of the chaffinch is an obvious instance. 

The well-known cases of Caddice-worms ( Trichop - 
tera) are partly for concealment and partly for defence; 
they are built of grains of sand, small shells (often 
alive), vegetable fragments,—in fact, of any suitable 
objects which are abundant at the bottom of the 
stream in which they happen to be. 

Some of the best examples are to be found among 
marine animals. Certain sea-urchins cover themselves 
so completely with pebbles, bits of rock, shell, &c., that 
one can see nothing but a little heap of stones. 

Many marine mollusca have the same habits, 
accumulating sand upon the surface of the shell or 
allowing a dense growth of algae to cover them . 1 The 
best example of the kind was shown me by Professor 
C. Stewart, and is all the more interesting because of 
the transition observed in the habits of different species 
of the same genus, Xenojphora. Many of these gastro¬ 
pods include pieces of shell, rock, coral, &c., in the 
edge of the growing shell. The effect is probably to 
obscure the junction between the shell and the surface 
on which it rests, and thus to assist in rendering the 
organism difficult of detection. Thus the growth of 
the shell may be traced by a spiral line of included 
fragments (X. calculifera) . In X. Solaris the habit is 
only maintained during the early stages of growth, 

1 E. S. Morse: Proc. Boston Soc. Nat . ICist vol. xiv. April 5, 
1871, p. 7. 
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and the spiral line of fragments extends for a certain 
distance, and is then suddenly replaced by spines 
which are doubtless of value as a defence. In X . cerea 
and X . solaroides the size of the adventitious particles 
is so great as to nearly conceal the shell, while in 
X . conchyliophom nothing can be seen but a heap of 
fragments. Specimens of Xenophora and of the crabs 
mentioned below are to be seen in the Museum of 
the Royal College of Surgeons, as part of a beautiful 
series intended by Professor Stewart to illustrate the 
various uses of the colours of animals. 

The tube of certain well-known marine worms 
(Terelellidce) is constructed of sand-grains cemented 
together. 

One of the most interesting examples of adventi¬ 
tious protection is afforded by certain crabs (Steno- 
rhynchus , Inachus, Pisa, Maia), which fasten pieces of 
sea-weed, &c., on their bodies and limbs. Bateson 
has watched the process in Stenorhynchus and Inachus . 
‘ The crab takes a piece of weed in his two chelae, and, 
neither snatching nor biting it, deliberately tears it 
across, as a man tears paper with his hands. He 
then puts one end of it into his mouth, and, after 
chewing it up, presumably to soften it, takes it out 
in the chelae and rubs it firmly on his head or legs 
until it is caught by the peculiar curved hairs which 
cover them. If the piece of weed is not caught by 
the hairs, the crab puts it back in his mouth and 
chews it up again. The whole proceeding is most 
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human and purposeful. Many substances, as hydroids, 
sponges, Polyzoa, and weeds of many kinds and 
colours, are thus used, but these various substances 
are nearly always symmetrically placed on corre¬ 
sponding parts of the body, and particularly long, 
plume-like pieces are fixed on the head, sticking up 
from it. ... Not only are all these complicated 
processes gone through at night as well as by day, 
but a Stenorkynchus if cleaned and deprived of sight 
will immediately begin to clothe itself again, with the 
same care and precision as before .’ 1 Bateson states 
that Stenorkynchus does not betray any disposition to 
remain in an environment which harmonizes with its 
dress. 

Adventitious Colouring 

The protective colouring of many animals may be 
due to the food in some part of the digestive tract, 
seen through the transparent body. This is impor¬ 
tant in many transparent caterpillars, such as the 
Noctuce , and probably in many marine organisms. If 
a larva, such as that of the Angle-shades ( Phlogophora 
meticubsa ), be fed on the orange-coloured marginal 
florets of the marigold, the passage of food along the 
alimentary canal can be distinctly traced by the pro¬ 
gressive change in the colour of the caterpillar. 

The green colour of the blood of most larvae is 

1 Jo urn. Mar. Biol. Assoc., New Series, vol. i. No. 2, Oct. 1S89, pp. 
213-14. 
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adventitious in origin, having been derived from the 
chlorophyll of the leaves; it is, however, much modi¬ 
fied in constitution by the time it reaches the blood. 
The green colouring matter passes from the blood 
into the cells of the surface of the body in many 
caterpillars, but is re-dissolved in the blood of the 
chrysalis. It is then made use of, in certain species, 
to tinge the eggs, and, after this, is absorbed into the 
body of the young larvae which afterwards hatch from 
them, protecting them with a green colour before they 
have had time to acquire fresh chlorophyll from the 
leaves. The passage of an adventitious colouring 
matter on into a second generation is a very remark¬ 
able phenomenon. There does not, however, seem to 
be any doubt about its occurrence in certain species 
(e.g. Smerinthus ocellatus ), 1 and I have a good deal of 
unpublished evidence on the subject. 

1 See ‘ Proceedings of Physiological Society,’ pp. xxv and xxvi, 
in Journal of Physiology , vol. viii. 1887. 
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VARIABLE PBOTECTIVE BE SEMBLANCE 
IN VEBTEBBATA, ETC. 

Protective Resemblance in its highest and most per¬ 
fect form must not be fixed, but capable of adjustment, 
so that the animal is brought into correspondence 
with each of the various tints which successively form 
its environment, as it moves about. An active and 
wide-ranging animal will be benefited by the power 
of resembling the tints of many different environments, 
and by that of changing its colour rapidly. 

More sluggish animals only require the power of 
bringing their appearance into harmony with a single 
environment, although the capability of adjustment 
is still of great value, because the environments of the 
different individuals vary, at any rate to a slight 
extent. Thus a moth lays some of its eggs upon one 
tree of a certain shade of green, and others Upon 
another with leaves of a rather different shade; so that 
the caterpillars would not have same environment, and 
would gain by possessing the power to adapt their 
colours. At the same time there would be no im- 

G 



82 


THE COLOURS OF ANIMALS 


perative necessity for tho change to lx; extremely 
rapid. 

In other cases it will he of advantage to the animal 
to possess tho power of changing twice in its life, once 
for the peculiar surroundings of the caterpillar, ami 
once for tho peculiar surroundings of the chrysalis. 
Thero is indeed some ground for the belief that in 
cortain cases tho colours of the perfect insect also may 
be adjusted to correspond with the peculiar environ¬ 
ment. 

Variable Protective Resemblance in Fishes 

Instances of the power of rapid adjust meat uiv 
very common, although most people are not aware of 
them. Nearly all fishermen know that the tr«mi 
caught in a stream with a gravelly or sandy bottom 
are light-coloured, while those caught in a muddy 
stream are dark. It is also well known that the ? ami- 
fish will soon change in colour when it passes from one 
kind of background to the other. Thus Mr. K, ft. V. 
Pode tells me that all the trout in a stream tii ur Ivy 
Bridge have become unusually light ever since tla- 
pollution of tho stream hy white china clay. 

Tho same facts are true of many other freshwater 
and sea fishes. Tho interior of a miunow-ntii j M 
painted white in order that the bait tuny ktcome Sight, 
coloured and thus conspicuous in the dark water w h* t i¬ 
the pike or perch is likely to ho found. The change 
of colour occupies an appreciable time, ami the Jkher- 
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man knows that he stands an extra chance of catch¬ 
ing his fish while the bait remains unadapted to its 
environment. This experience serves to prove in a 
practical way that the power of changing the colour is 
essentially protective. 


Variable Protective Resemblance in Amphibia 

Other animals possess the same power. The Com¬ 
mon Prog (Rana temporaria) can change its tints to a 
considerable extent. Thus Sir Joseph Lister states 
that ‘ a frog caught in a recess in a black rock was 
itself almost black; but after it had been kept for 
about an hour on white flagstones in the sun, was 
found to be dusky yellow with dark spots here and 
there. It was then placed again in the hollow of the 
rock, and in a quarter of an hour had resumed its 
former darkness. These effects are independent of 
changes of temperature . . 1 The Green Tree-Frog 

(.Hyla arborea ), so common in the South of Europe, 
is bright green when seated among green leaves, but 
becomes dark-brown when resting on the earth or 
among brown leaves. It is very interesting to notice 
that when this frog turns brown, irregular spots 
become conspicuous upon its skin, spots which evi¬ 
dently correspond to those upon the Common Frog 
(Rana), but which are invisible when the green tint is 
assumed. 

1 Lister : Phil, Tram., 1853, vol. 14S, p. 628. 

/i o 
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Variable Protective Resemblance in Reptiles 

The power of Variable Protective Eesemblance is 
therefore present among fish and Amphibia, but the 
most remarkable and well-known example is afforded 
by a reptile, the Chamesleon. The rapidity with 
which the change of colour takes place, and the wide 
range of tints which the animal has at its command, 
have caused this lizard to be regarded as a type of 
everything changeable. But the same power is also 
present in certain of the South American lizards 
belonging to the family Igmnidce, and it is probable 
that Variable Protective Resemblance is much more 
common than has been generally supposed. 


The changes of colour depend upon the eye 

The physiological mechanism by means of which 
these rapid changes of colour are effected has been 
investigated by Lister in this country, by Briicke in 
Germany, and by Pouchet in France. At first sight 
it appears likely that the light may directly determine 
the distribution of colouring matter in the pigment 
cells in or immediately beneath the skin. Each of 
the various surroundings of an animal would, accord¬ 
ing to its colour, reflect light of a certain constitution, 
and it might well be supposed that feach kind of re¬ 
flected light would produce a different effect upon the 
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llPCdtOll between tile I if ’1 Vi » Olid file Jilglllf III Vt II#* 111 
tin* skin, and y« t eu«*h roftfteHmfi appear** In lie trio* 
d* red reilititi by th* fa* t that light falling on the * ye 
modifies flu distribution of the pigment 

The puna* lit r* Its in the ddii ar< oft* u of various 
cmtouvs, and are arranged in biyiry jo that iny 
different eftVefH may he produeid by r<me«jgnifaoH in 
certain rolls* Itading to the ujipMinioei of tin*.* of 
another folottr, m to a emulate d * th d dm In tlm 
colours of two or more kind* of « Us. 

Blind Miami* ennnot wiry lltir mlmr prtlitlltilf 

It Inin been fihmvti by latperiitiefit that lilindwl 
frogi have no power of i»ltaring their colour «u m to 
eomwpond with surround big tints, The mum fcirt# 
also have proved in u mo*i iiilere#tifin iminimr 
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by the observation of living animals in their natural 
surroundings. Thus Pouchet noticed that one single 
plaice out of a large number upon a light sandy 
surface was dark-coloured, and thus unlike its sur¬ 
roundings. Examination showed that this individual 
was blind, and therefore unable to respond to the 
stimulus of reflected light . 1 

Another very interesting example of the same kind 
was brought under my notice by my friend, Mr. H. 
Nicoll. This gentleman had observed that in addition 
to the light-coloured trout usually seen in a chalk 
stream in Hampshire (a tributary of the Test), very 
dark individuals are occasionally met with. He was 
puzzled for a long time, but the fact that the dark 
fish could never be induced to rise to a fly finally led 
him to examine them, when he found that they were 
invariably blind, the crystalline lens being opaque. 
Sometimes the fish were blind in one eye, but this did 
not affect their colour. The darkness appears to come 
on gradually with increasing blindness, for the depth 
of the tint varies in different individuals, and some¬ 
times only part of the body (e.g. the tail) is affected. 
The blindness probably comes on with age, for the 
dark fish are always large, generally between one and 
two pounds in weight. 

1 Quoted by Semper, Animal Life , International Scientific ^Series, 
pp. 95-96. 
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The power of varying the colour essentially protective 

The protective value of the. change of colour in 
normal trout was especially well seen when contrasted 
with these blind individuals. As it has been some¬ 
times asserted that protection is not the meaning 
of resemblance to the environment, I was anxious to 
observe so striking a contrast for myself. Mr. Nicoll 
kindly gave me the opportunity of seeing the fish in 
his stream, and I can in every way confirm his state¬ 
ment that a person unaccustomed to the observation of 
animals would certainly fail to detect any trout except 
the black ones. No one who had the opportunity of 
comparing the changing colours of the normal fish— 
ever harmonising with their surroundings,—with the 
unvarying conspicuous darkness of the blind in¬ 
dividuals, could hesitate for a moment in admitting 
that concealment is the one object of the adjustment 
of colour. 

The change of colour may also be voluntary or 
may follow from mental excitement. Thus the colours 
of fish often become much brighter while they are 
feeding , 1 

The food of blind trout 

It may be objected that the dark fish still continue 
to live in the same stream with the more perfectly 

1 Eor a curious change of colour in the conger, see Bateson, lx. 
pp. 214-15, 
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concealed individuals. This is sufficiently explained 
by the facts that the waters are carefully preserved, 
and that the blindness only comes on when the fish 
are large, and are therefore exposed to the attacks of 
comparatively few enemies. 

Mr. Nicoll informed me that the black fish were 
usually in very poor condition, and I was very anxious 
to ascertain the kind of food which was still accessible 
to them. We therefore caught two fine specimens 
which were in fair condition. I opened them and 
found their stomachs quite full of caddice-worms, 
cases and all, together with a few fresh-water shrimps 
(Gammarus ). These animals are doubtless hunted by 
scent and touch, while the insects on the surface of 
I the water can only be obtained by sight . 1 

Loss of power of varying colour in a chamseleon 
before death 

The changes which took place in a chamseleon in 
my, possession probably show the dependence of the 
power of adjustment upon the state of the nervous 
system. In the summer, while the lizard was healthy 
and had an abundance and variety of insect food, it 
was dark-coloured by day, when it rested on some 
dark branches or walked about in its shaded cage. 
Placed upon a leafy branch in strong light it became 

1 Certain fish habitually seek their food by the olfactory and 
tactile senses. See Bateson, l.o. p. 214. 
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ftsli f|( it her.nne lipid and straw coloured. in tin 
winter it. died, probably on account uf the 'rarrity 
und monotony of th<- only m«eet diet which eoidfl !«■ 
obtained for it. For many days before it ,h death it 
became iilmoHt black and lost all jh.wi *' of ehiuwms.: »'> 
colour. It.*. weakened nervous ;>y- t.« nt either e>so->rd to 
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Explanation of darknew of blind animal* 

Home authorities have maintained tlmt sm animal 
of a kind which pom-aw « the power of ;dt* rii>f-' if « 
colour Hhouid, wheJt blind, heron** lipid- in t< ud of 
dark-coloured. Winn tin* i-kin in lipid rolnuri<1 the 
pi^nu nt in tho in Hfroupi.v contracted, "o that Sh* 
coloured Mirfacn eoutribiit* d by i adi »•> II orcoji* • b-u n 
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fcr&tkm is the at,ate of activity. II 5 * th* r* f<*r*; hi 1« 
nxpectwl that whin the coloured j»ari« of tell* are 
cut off from all stimuli, they will Ir permanently 
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relaxed, so that the skin will he dark; ami we have 
seen that such a result actually occurs. When a 
muscle is cut oil from nervous stimuli if also i nters 
a condition of permanent rest or relaxation. Thus 
whon the face is paralysed cm one side, the muscles 
are relaxed and unable to balance the eontraetion ciU 
those on the other, so that the face is drawn over 
towards this latter side. The contractioiiH of a lintsele 
cell and those which take place in a pigment cell are 
not essentially different; tin; former are far more 
specialised and powerful, but both of them exhibit 
manifestations of that contractile power whirh is 
possessed by the simplest cells. It is therefore of 
interest that both should behave in a similar manner 
when cut off from the nervous system which provides 
the stimuli under which both normally emit nut. In 
1858, Bir Joseph Lister shown! that the eolotiin! 
part of a pigment cell contractu independently of the 
cell itsolf. Colls are now recognised as composed of 
a network containing a glassy substance in its meehes; 
pigment granules are only contained in tin mtuork, 
and, as this contracts, it carries them inwards from 
the long branching processes towards Hu- centre of 
the cell. 

Loss of colour in cave-dwelling animals 

On the other hand it has been argued that the 
Proteu*, a blind amphibian living in the underground 
rivers of Gambia and Garinthia, k light-coloured, 
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shrimps and prawns bury themselves in the sand hy 
day and swim about at night, exactly like the uninjured 
animals.' 

The seasonal ohange of colonr in northern mammals 

The well-known fuel that many northern tjuaul- 
rupeds become white in winter 1ms given rise to a 
great deal of discussion iw to the manner in which 
the change is brought about. Some h n< muintaim <1 
that the animals simply acipiire a m e, rout of white 
hair which conceals the darker fur b> n> atli, while the 
long hairs of the summer coat are h* li> v> d to be sited. 
Others believe that these laltir mlnnlly chsm.v end 
become white, and that, although an ai-iindum »* of 
new lmirs also appear, nothing is sited. Mo; t ob¬ 
servers agree that the white hair in f ind at the cb.m, 
of winter: thin is of course imb p< mb ntiy hum 
sary, in order to reduce the thiekm s;< of the winter 
coat. 

I shall bring forward what appears to breonehtdve 
evidence that the latter view is the right om*. at any 
rate for certain species. Hut however this change is 
brought about, it will lx; rightly round* red in this 
part of the subject, if it can 1 h; proved that it iw called 
up either directly or indirectly by tin* uliumhw pro¬ 
vided by the external conditions, and is not merely a 
contemporaneous change, hurmoiiWng with those in 


* L.e. i*. 211 
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Sudden change of colour determined by sudden 
exposure to extreme cold 

A classical experiment made by Hir .1. 1 loss, con¬ 
siderably over fifty yearn ago, seems d» einive on tlm 
above-mentioned point, as far an tin- ’-p. ci. e\. 
perimonted upon in concerned. A Huib>ni’>. |»ay 
Lemming kept in the cabin, and thun *hield»d from 
the low temperature, retained it* summer coat through 
the winter: ‘It was accordingly placed on d>t-k in ;l 
cage on February 1, and next morning, nfti r having 
been exposed to a tempi raturi* of Mi in low zrv o, the 
fur on the chocks and a patch on each ,-hoiilder had 
become perfectly white. On the following day the 
patches on each shoulder had extended eoie-id* rablv, 
and the posterior part of the body and (bud. - had 
turned to a dirty white; during the next four day* the 
change continued hut slowly, and at Urn end of a unit 
it was entirely white, with the excipfion of n dark 
band across the shoulders, prolonged posterioily down 
the middle of the hack. . . No further rhimge took 
place, and the lemming died of the t old on l’« bruury 
18, the thermometer Inning been between Mi and 
40° below zero every night. ‘On examining the 
skin it appeared that all the white parts of the fur 
were longer than the unchanged portions, and that 
the ends of the fur only were white w» far as they 
exceeded in length the dark-coloured fur; and by 
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removing these white tips with a pair of scissors it 
again appeared in its dark summer dress, but slightly 
changed in colour, and precisely the same length as 
before the experiment/ 1 

This experiment conclusively proves,—(1) that 
the external condition itself provides the cause which 
brings the appropriate change in colour; for the 
animal did not change until subjected to the con¬ 
dition ; 2 (2) that in all probability the cause is a 
lowered temperature acting upon the skin; (3) that 
the existing dark hairs become white at the tips; for 
we cannot well believe that a fresh growth could have 
overtopped the existing hair in a single night; (4) that 
the whitening hairs grow suddenly and rapidly. 

Nature of the change of colour in the American Hare 

The same conclusions are also supported by some 
extremely careful observations conducted by K H. 
Welch upon the American Hare (Lejpus Americarms) 
in New Brunswick. 3 In the latter district the animal 
keeps its winter coat till May, when it is gradually 
shed, the change being complete in June. The winter 
coat gradually develops in October and November, and 

1 Sir J. Ross: Appendix to Second Voyage , Nat. Hist. p. xiv. 
1835. 

2 This conclusion is also supported by the fact that such changes 
occur earlier when the winter is exceptionally early. Concerning 
the Alpine Hare, see Tschudi, ThierZeben der Alpenwelt , p. 300. 

8 Proc. Zool. Soc . 1869, p. 228. 
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is retained from December till the end of April. The 
appearance of the back and sides in summer is * glis¬ 
tening fawn-colour interspersed with black, especially 
over the vertebral ridge. 5 The colour is conferred by 
long thick hairs (the pile) covering a woolly under¬ 
growth of a slaty colour. 

Early in October the first changes appear; the 
whiskers become white at the tip or in some part of 
the shaft, and a few of the longer hairs on the back 
also become white at the tip or throughout. At this 
time there is no addition to the summer coat, only a 
change in the colour of existing hairs. The changes 
advance during November, and on separating the fur 
a new growth of stiff white hairs is seen over the sides 
and back : these grow rapidly, while the long hairs of 
the summer coat also grow and become white very 
quickly as soon as the new hairs appear on the surface. 
‘ The shaft of the hair of the new growth is invariably 
white, a circumstance which renders it easily distin¬ 
guished from the autumnal hair in process of change. 5 
This change is most frequent at the tip, proceeding 
downwards, but it sometimes begins in the middle, 
and occasionally at the base. ‘ The whiskers, which 
apparently do not lengthen but merely alter in colour, 
will demonstrate each variety. 

‘ Thus the winter hue would appear to be brought 
about by a change of colour in the pile of the autumnal 
coat, combined with a new hybernal white crop, the 
latter undoubtedly playing no small part in the 
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colouring process and in the thickening of the fur. 
There is no indication of shedding: an increase in 
length ensues oyer the whole body.’ 

There is considerable individual difference in the 
time of change: it sometimes commences before the 
first fall of snow, indicating that the stimulus is the fall 
of temperature affecting the skin rather than the 
colour affecting the eyes. Great differences are seen 
when the same species is followed into other localities. 
4 On the seaboard it (the winter change) is postponed 
in comparison with inland districts in the same lati¬ 
tudes.’ In Hudson’s Bay Territory it changes early 
and carries the winter coat till June, while no change 
of colour takes place in the winter in the southern 
parts of the United States. An individual kept in a 
warm barn at St. John’s, New Brunswick, retained the 
summer colours. 

The consideration of the Hudson’s Bay Lemming 
and the American Hare lead to the conclusion that all 
species in which the northern change does not occur 
in the southern individuals, possess the power of Vari¬ 
able Resemblance. It is possible that the change is 
merely contemporaneous when it occurs uniformly in 
all individuals of the species, and it is at any rate 
probable that it would soon become so, because the 
extreme complexity of the mechanism by which Vari¬ 
able Resemblance is brought about would need the 
constant operation of natural selection to keep it in 


H 
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a state of efficiency. This consideration is better 
deferred until after the probable nature of the 
mechanism has been discussed. 


The physical cause of the change of colour 

It is now necessary to inquire into the actual 
physical cause of the change in npjs arniiee. It has 
already been explained that the dark enlom depends 
upon absorption, while the whiten* «s depend * uj«»n 
scattering of light. The former i-t nentwom <1 by 
pigment granules, the latter hy included gas bubbb *•, 
When the latter ar« sufficiently abundant, the hair 
becomes white in spite of the pigrn* nt; if then fin- 
gas were absorbed tin; dark colour would b> r* tor* *!.' 
It appears to he well autheutieitied that in e* plain 
cases patches of human hair have h«<‘oio< white 
during some nervous attack, again In coming dark at, 
its cessation. Such changes can lie * xplained by the 
evolution of gas (probably carbon di*o;ud«j at the l«^e 
of the hair, and its suliseqiumt absorption (probably 
by some alkaline fluid). It is therefore psnimble that 
the nervous system can so modify the prove; m< taking 
place in tho cells at the base of tin- hair as to chum- 

1 This exphumtion only applh*>i to tin* odain^ dm it hnir« tshkh 
become white. It i» very improbablit that any pipmeiU • set* in Uu» 
new hair* which make tip the great part ui the winter mat. H*-nr<*, 
in testing the explanation oilorwi above, tin* bate. nne.t U* <*»!<* U*<i 
with the greateet care, ami the invent!eatinn ulimiiii U loietiu tr<( in 
connection with an experiment likt thatni hit I {•**. pp.so ahj. 
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the formation of gas bubbles. The many recorded 
cases of hair turning ‘white in a few hours as the 
result of some strong nervous shock are to be explained 
in the same manner. 

That the change in the long autumnal hairs of 
Lepus Americanus is due to the appearance of large 
numbers of bubbles is rendered probable by an exami¬ 
nation of Welch’s figures and descriptions. He speaks 
of the white part of a hair being much broader than 
the coloured part, and containing additional rows of 
‘ cells.’ His ‘ cells ’ appear to be bubbles of gas, 
and he draws them with the' characteristic dark 
borders. It must be remembered that the dark parts 
of a hair also contain bubbles, although in smaller 
amount. 

The change in the hair is indirectly caused by the 
change of temperature 

It is extremely improbable (to say the least) that 
such changes as the evolution of bubbles, and above 
all, the growth in length, are the direct result of a 
lowered temperature on the hair itself. That they 
are indirect results, through the nervous system, is in 
every way probable, and is furthermore in harmony 
with certain well-known facts concerning the regula¬ 
tion of temperature. 

The direct tendency of cold is clearly to diminish 
the activity of those processes upon which the pro- 
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duction of heat depends, just ns it would tend to 
diminish rather than promote the growth of hair. 
This ilinrt effect in obvious in animals which an- un¬ 
injured by variations of temperature. ‘ Tin body of 
a cold-blooded animal behaves in this respect like » 
mixture of dead substances in a chemist’» retort : 
heat promotes and cold retards chemical action in 
both cases.’ But the higher vertebral* h are warm¬ 
blooded (homothermic), and such direct effects <*f cold 
would be fatal. ‘ In these animals tint'*- i* obviously 
a mechanism of some kind counteracting, and imb ed 
overcoming, those more direct effects which alone 
obtain in cold-blooded animals.’ The iutluence of 
cold upon the nerves of the skin constitutes a stimulus 
to that part of tho central nervous sy-bui which 
regulates the production of heat: thus cold imlimihf 
increases the amount of heat, and the tvmjierature 
of the body remains constant. I may mention that 
the amount of heat produced in tin* l*ody at any one 
time may be gauged by the amount of oxygen ab¬ 
sorbed in respiration.' 

It is in every way probable that such changes in 
colour as that of Kir .1. Hors’ hemming and the 
American Hare; are aho indiinilt) csuim d by the cold, 
which we may suppose acts sis a stimulus to that part 

1 For a further account uf I lie ugutation >,f om.,* .«< 

ProfcsHor Michael Kottcr'a from which lie- 

sentences are taken. I owe the cowrt m»> 1«ifiwnliec »>r the 
cauao of tlm change of colour to a conversation with w 

Foster. 
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of the nervous system which presides over the nu¬ 
tritive and chemical changes involved in the growth 
of hair and the appearance of the bubbles. 

Probable variation in susceptibility to stimulus of 
cold in different districts 

In the northern part of an animal’s range, natural 
selection would favour great delicacy in the adjustment 
of the mechanism by which such changes are produced, 
so that the winter coat would be ready in time to 
harmonise with the mantle of snow. Conversely, 
extreme delicacy would be a disadvantage in the 
southern part of the range, if the climate were such 
that the snow did not lie on the ground for any great 
part of the winter. There is abundant evidence of 
variations in the delicacy of adjustment, upon which 
natural selection could operate. 

Mr. F. E. Beddard has directed my attention to 
three Arctic Foxes (Canis lagopus) from Iceland, which 
have been in the Zoological Gardens since 1887. 
One 1 of these turns perfectly white every winter, while 
the other two remain dark. 

The stoat always becomes white in the alpine 
districts of Scotland, frequently in the north of Eng- 

1 When I examined this fox on October 14, 1889, the change in 
colour was nearly complete: there was, however, a grey patch of hair 
on the back which was certainly moulting. It is possible, therefore, 
that the change is effected in an entirely different manner in this 
species. 
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land, occasionally in tin* Midlands, ami Mr. Couch 
has seen two white stoats in Cornwall.* It would he 
extremely interesting to take a number of Scotch 
stoats to Cornwall and an equal number of Cornish 
stoats to Scotland, in order t<> test whether the 
southern individuals are less susceptible to change 
than the northern. It is likely that the gn at differ¬ 
ence is not wholly to be explained by tin- relation of 
northern to southern temperature, but at any rate 
partially by the fact that tin- change is dimulvnntugeouH 
in most parts of England; for it would render the 
animal conspicuous against the prevalent tin!« of a 
midland or southern wittier. Of eoiir.r, any r-tuli 
disadvantage implies that natural iu-lection would 
gradually blunt the stiKeeplibility of the apparatus by 
which the change is produced. The rare noa s of 
a change of colour in Cornwall are probably « vnmpb s 
of a formerly beneficial susceptibility, yet unaltered 
by natural selection. 

Loss of susceptibility to stimulus of cold in animal* 
which remain white all the year 

Such a nervous mechanism us tlmt to which I have 
alluded, would he of the highest intricacy and com¬ 
plexity, and would speedily lose it** efficji »cy unless 
constantly preserved by natural selection. Thus 
certain Arctic tuiiumla which remain on the wiow 

' Bell: liritith QuaUiupefa, ascend olitiwi, pp. laii ‘Ml , 
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nearly all the year retain the white coat permanently, 
and there is no need for the mechanism by which the 
change is produced. And yet in certain species we 
may feel sure that such a mechanism existed under 
former conditions. Thus the Arctic Hare (Lepus 
gladalis) usually remains white all the summer; oc¬ 
casionally, however, it becomes greyish, the change 
of colour being limited to the points of the hair: 
the young are born grey, but change to white at 
their first winter (Welch). The latter change 
appears to be independent of cold, for Sir J. Eoss 
speaks of a young hare turning white as early as 
those running wild, although in a temperature not 
much below freezing. This observation forms an in¬ 
teresting contrast with the behaviour of species pos¬ 
sessing an efficient nervous mechanism (the Hudson's 
Bay Lemming and the American Hare) when shielded 
from a low temperature. 


The white winter coat chiefly for concealment, but 
may also help to retain heat 

Certain northern animals, especially . those fre¬ 
quenting trees, do not become white in winter: this 
is true of the Glutton (Gulo luscus ). Occasionally 
dark winter individuals occur in species which as a 
rule change their colour regularly: thus, a black 
Arctic Fox is well known, but its rarity (Sir J. IJoss 
found three individuals out of fifty white ones) prob- 
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ably indicates that it is, as we should expect, at a 
disadvantage, and that it will disappear. Mr. Wallace 
considers that the dark colour of arboreal northern 
animals, which is clearly for concealment, disproves 
the theory that the white, colour is of value in retain¬ 
ing animal heat. But it does not follow that Hindi 
benefits arc wholly non-existent, because they mast 
bo dispensed with under the pressure of a stronger 
necessity. Mr. Wallace’s argument shows that con¬ 
cealment is the paramount necessity; hut this docs 
not disprove the opinion that other advantages also 
may be conferred by one particular mode in which 
concealment is attained. 

The seasonal change of colour in northern birds 

The same convincing evidence as to the nature of 
the change, and the manner in whicli it is brought 
about, has not yet been brought forward in the case 
of birds. Mr. A. H. Cocks, who has hud a very wide 
experience of northern animals, believes that it is at 
least partially due to a change in the autumnal 
feathers. He writes; ‘I have, some specimens of 
Laf/opm (various species) showing brown feathers 
with white tips, and in one species, at any rah*, the 
converse.’ Mr. R. Rowdier Sharpe does not however 
think that the evidence of a winter change in existing 
feathers is sufficient. 1 He has nevertheless proved 

1 H. Hecbohm thinks it • possible that the white winter feathers 
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that other t’lmngcH of colour do occur, m will hr nmi 
in the following pfiftstigo from hk mml itttcri'Htmg 

paper - 1 

* Let any one who doubts the ptmmhlMiy of mark¬ 
ings Mich m thoHo on thoGmiiiuwl Falcon hitroming 
gradually changed without mi int^riii^fliiit#* moult, 
study the ekttiges exliifiiiiifi by the cntmttoit Sparrow 
Hawk in it h progm-w towarda maturity. Tim gmrmt 
charaetcrititic of the Mjtftekm of Arnpit* r k to fiitvit n 



n«. i* rp,, i% 


Miiped pltimag*' win ii young an*! n burr* A dro wte it 
old. But if i-i not generally known flmf ttil> k 
effected hy a gradual change in tin iinoliiur. «»f the 
feather, mill not liy mi in tint! moult On ffi* fir A 
Ifppiliniliro of file fkattnm from tin dowiA *‘rn* ? mg 
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p* Iff, fi, 
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spreads tlie upper margin, gradually eclipsing the 
rufous-brown shade, which remains tho evidence of 
the previous plumage (fig. 20). Hence are shown 
two successive Btages of the development of the dark 
brown shade which at last removes all traces of the 
reddish tint (figs. 21 and 22).’ 

If the winter change docs not occur in the 
autumnal feathers, it by no means follows that 
the power of Variable Resemblance is absent. The 
growth of new white feathers may be indirectly due 
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to the cold, acting through the medium of the nervous 
system. This is, however, very far from being proved; 
for it does not appear to bo certain that there is a 
single species becoming white in winter which retains 
its dark colour at this time of the year in tho southern* 
most part of its range. 

Mr. A. C. Billups, of Niagara, Ontario, tells nut 
that during an exceptionally mild winter, about 
seven or eight years ago, neither the * snow bird' 
nor the American Hare acquired the winter dress. 
Hence the power of Variable Resemblance ap|a ( ars to 
be possessed by certain birds. 
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Variable Resemblance of northern animals most nearly 
related to that of certain insects 

The acquisition of a special winter covering as a 
response to the stimulus of cold is most nearly related 
to the Variable Resemblance exhibited by many cater¬ 
pillars and chrysalides. It will be shown in the next 
chapter that these latter changes are similar to the 
above in that the stimulus (of reflected light) acts 
upon the skin; that the results are in all probability 
indirect, and take place through the part of the 
nervous system which regulates the production of 
colour; finally, that far greater time is required for 
the accomplishment of the change than in those 
animals in which the stimulus acts upon the eye, and 
in which existing pigments are arranged instead of new 
substances elaborated. 


Rapid adjustment of Colour in certain invertebrate 
animals 

Certain invertebrate animals, however, possess the 
power of rapidly adjusting their colour to that of their 
surroundings. It is well-known in Crustacea, and is 
probably very common among them. The power has 
been proved to depend upon the eye as among the 
vertebrates. Some cuttle-fish also can modify their 
colours in the same manner, with remarkable pre- 
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cision and rapidity. The resemblance between 
certain individuals of Onilum and the rose-coloured 
coral, and between other individuals and the yellow 
coral (see pp. 70-71), is probably due to the existence 
of a power of adjustment; but this suggestion needs 
experimental verification. A fact mentioned by Morse 
is even more convincing: he states that individuals 
of the same molluHcan species occupying different 
stations are differently coloured, and ho quotes from 
Dr. A. A. Gould the observation that the colour of all 
the shells found in the sandy harbour of Provincotown 
is remarkably light. 1 There is no evidence as to 
whether the change in colour, if produced at all, takes 
place rapidly or slowly; but the latter is the more 
probable in these animals. 

Professor Stewart found four or five bright red 
individuals of the Nudibranchiate mollusc ArrhuUmn 
tuberculata in a mass of bright red sponge (Ifymrnia- 
culon santjninea ) upon which they were feeding. 3 
The colour was very different from that of individuals 
taken upon another sponge (Hulichuwlrin). The ob¬ 
servation strongly suggests the existence of a {waver of 
Variable Protective Resemblance, although it is possible 
that the colour of the food may be made use of. 

It is very likely that Variable Itesemblance will 
be found to occur far more generally than has been 
hitherto supposed. 

1 I'm*. Bmimi fine. Nat. HmL v«l xiv. April U, W?I, 

" W. (iawtaiig, he. p. 111. 
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Variable Resemblance, Protective and Aggressive 

As in so many other cases, the specialised form of 
concealment by the organism resembling its surround¬ 
ings treated of in this chapter may be either Protective 
or Aggressive; it may enable an animal to escape its 
enemies or to approach its prey unseen. Frequently 
it may be turned to both uses by a single animal. 
Thus the green tree frog is probably aided in cap¬ 
turing the insects on which it feeds because of its 
close resemblance to the leaves around it,* but it is 
also protected in the same manner from the animals 
which prey upon it. Thus Mr. E. A. Minchin tells 
me, from his experience in India, that tree frogs are 
sought for with especial eagerness by snakes, which 
greatly prefer them to others. It is probable that 
this power when possessed by a vertebrate animal 
nearly always bears a double meaning, although a con¬ 
sideration of the different instances will show that it 
is especially Protective in some and especially Aggres¬ 
sive in others. In the next chapter we shall meet 
with a large number of cases briefly alluded to at the 
beginning of this chapter, in which the power is in 
many respects different, and possesses an entirely 
Protective meaning. 
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CHArTER VIII 

VAlt!ABLE PROTECTIVE RESEMBLANCE IN 
INSECTS 

No insect is known to possess the power of rapidly 
adjusting its colour to the tints of its surroundings, 
and it has not long boon known that any power of 
adjustment exists. There is still ft great deal to la; 
done in finding oat the extent to which the jatwer is 
present, and in further investigating the physiological 
processes which are involved in its operation, t'p to 
the present time the Lcpidoptera (butterflies and 
moths) alono have been made the subjects of in- 
quiry, and wo know nothing of other insects in this 
>eet. 

Many caterpillars and chrysalides have been proved 
to be capable of adjusting their colours to those* of tins 
surroundings, and it is also known that certain cater¬ 
pillars can construct cocoons of different colours, w» 
as to harmonise with the environment. The latter 
extremely interesting example of Variahlo Protective 
Resemblance has been very insufficiently investigated. 
It is also probable that a relatively small number of per¬ 
fect insects possess the same power ; but in this caw? 
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(Uropteryx sambwcata) becomes light-coloured when 
the caterpillar has been placed upon white paper 
shortly before pupation (see fig. 23). The chrysalis 
is usually dark (see fig. 24), and is contained in a 
cocoon which is formed of the brown fragments of 
leaves or twigs spun together with threads of silk. 
The cocoon, which is suspended from the food-plant 
and swings freely, is so loose and open in texture that 
the enclosed pupa is easily seen, and is in fact as 
exposed as that of many butterflies. 

The chrysalides of butterflies are generally freely 
exposed, and many species have been proved to possess 
the power of adjusting the pupal, colour to that of 
the adjacent surface. Such pupae are often suspended 
head downwards from a boss of silk, to which the 
hooks at the posterior end are affixed; or they are fre¬ 
quently attached horizontally, or in a vertical position 
with the head upwards, by similar posterior hooks and 
a strong silken girdle, which is fixed on either side to 
the supporting surface, and.which sinks into a groove 
across the back of the pupa. The group which in¬ 
cludes the Tortoiseshell and Peacock Butterflies adopts 
the former mode of suspension; that to which the 
‘ Garden Whites ’ belong adopts the latter. 
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The History of the Discovery of Variable Protective 
Resemblance in the pupae of Butterflies 

In 1867 Mr, T. W. Wood exhibited to the Entomo¬ 
logical Society of London 1 a number of chrysalides of 
the Swallow-tailed Butterfly (Papilio machaori), and of 
the large and small Garden White Butterflies (Pieris 
brassicce and P. rapes), which corresponded in colour to 
the surfaces to which they were attached. Dark 
pupae had been found on tarred fences and in subdued 
light; light ones on light surfaces; while green leaves 
were shown to produce green chrysalides, at any rate 
in certain cases. Mr. Wood’s inclusion of the chrysalis 
of the Swallow-tail, with which he states that he was 
imperfectly acquainted, was most unfortunate, and 
doubtless prevented his suggestive paper from gaining 
the success it deserved. It is quite true that this 
chrysalis appears in two forms, being sometimes green 
and sometimes dark grey; but, without sufficient evi¬ 
dence, it was unwise, although most natural, to assume 
that these colours could be adjusted to green or dark 
surroundings respectively. I have since tested the 
chrysalis, and as far as- my experiments (which were 
with small numbers) are conclusive, they show that it 
has no power of adjustment. 2 In the discussion which 
fallowed Mr. Wood’s paper, Mr. Bond stated that ‘ he 

1 Proc. Ent. Soc. 1867, pp. xcix.-ci. 

* Phil. Trims, vol, 178 (1887), B. p. 406-408. 
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had had thousands of pup® of Papilio murluioii, anil 
had often had the brown variety of pupa on a green 
ground colour, whilst in some seasons he had obtained 
no brown specimens at all.' 

In spite of this unfortunate mistake, Mr. Wood 
adduced quite sufficient evidence concerning the 
Garden Whites to show that tint subject was worth 
investigation. But the great example and the great 
principles of Darwin had not penetrated far into the 
mass of naturalists; and distinguished entomologists 
preferred the expression of tin adverse opinion, to 
making an easy experiment upon one of our commonest 
insects. 

Mr. Wood also stated that the chrysalis of the 
Large Tortoiseshell Butterfly (Vanessa poli/rhlonw) was 
coloured like a withered elm-leaf, when suspended 
among the foliage of the elm cm which its caterpillar 
feeds. Its colour was them light reddish-brown with a 
cluster of metallic silvery spots, hut when suspended 
from a wall, the metallic spots were not produced, 
and the pupa was of a mottled greyish colour. This 
observation led Mr. Wood to conclude * that by the 
proper use of gilded surfaces the gilded chrysalides of 
Vanessa, and perhaps of other genera, would be ole 
tainod ’; and lie added, ‘ 1 hope to la: able to try the 
experiment next season.’ If this intention had been 
carried out, such startling results would have 
obtained that opjwsition would have broken down 
before them, ami the combined rosea relies of ninny 
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naturalists would have been brought to bear upon Jh« 
subject. The experiment, however, wan not made til! 
nineteen years later, when 1 was led to do ns Mr, 
Wood had proposed, although unaware at the time of 
hiB suggestion. 

Nevertheless, during these nineteen years, gradual 
confirmation of Mr. Wood's central position was 
afforded. In 1879 Professor Meidnlu supported the 
observations upon the chrysalides of the ‘Garden 
Whites.’ Ho compared large 
numbers of individuals, and 
found that the pupie upon 
black fences were darker 
than those upon walls. 1 

In 1871 a paper by Mrs. 

M. E. Barber, anti commu¬ 
nicated by Mr. Darwin to 
the Entomological Hocioly 
of London, was printed in 
the Transactions of that 
society. 8 Mrs. Barber had 
experimented with a com - 
mon Bouth African Kw allow- 
tailed Butterfly (I'.ijtili,, 
nircim), and had found the 
chrysalis wonderfully sensi¬ 
tive to the colours of its environment. When tin* 
pupie wore attached among the deep green knives of 
1 Xm 4. 8«e.*Prm, ISM. p, IS a. 
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i % 




116 


THE COLOUES 0E ANIMALS 


the food-plant, Orange, they were of a similar colour 
(see fig. 25); when fixed to dead branches covered 
with withered, pale yellowish-green leaves, they re¬ 
sembled the latter (see fig. 26). One of the cater¬ 
pillars ‘ affixed itself to the wooden frame of the case, 



riG. 26.—The pupa of Papttlo nireus Fig. 27.—The pupa of Papilio nireus 

attached to plant (Vepris lanceo- attached to woodwork. 

lata) with withered yellowish-green 
leaves. 

and then became a yellowish pupa of the same colour 
as the wooden frame’ (see fig. 27). The case was 
made partly of purplish-brown brick and partly of 
wood, and one of the pupae, attached close to the 
junction, was believed by Mrs. Barber to have assumed 
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both colours, that of the brick upon its back and that 
of the wood upon its under surface. My experiments 
upon the chrysalis of the Small Tortoiseshell Butterfly, 
to be described below, do not support this conclusion, 
and it is a common thing for the colours of pupae to 
differ greatly in the dorsal and ventral regions. Mrs. 
Barber also tried the effect of scarlet cloth, but little 
if any influence was exerted. 

Mr. Mansel Weale also showed that the colour of 
certain other South African pupae can be modified, 1 
and Mr. Roland Trimen made some experiments 
upon another African Swallow-tail 2 (Papilio demoleus, 
common at Cape Town), confirmatory of Mrs. Barber’s 
observations. He covered the sides of the cage with 
bands of many colours, and found that green, yellow, 
and reddish-brown tints were resembled by the pupae, 
while black made them rather darker. Bright red 
and blue had no effect. The larvae did not exercise 
any choice, • but fixed themselves indiscriminately to 
colours which their pupae could resemble and those 
which they could not. In the natural condition the 
latter would not exist, for the pupae can imitate all 
the colours of their normal environments. 

Finally, Fritz Muller experimented upon a South 
American Swallow-tail (Papilio poly damns) , 3 and found 

1 Trans . Ent. Soc. Lond. 1877, pp. 271, 275. 

a Described in a letter to me, published in my paper already 
referred to, p. 31G. 

3 Kosmos , vol. 12, p. 448. 
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that its pup®, although appearing in two forms, dark 
and green, like thoso of our own Swallow-tail, also 
resemble the latter in having no power of adjuring 
their colours to the surroundings. 

Theories as to the manner in which the colour* of tuoh 
pups are determined 

These observations and oxjK’rimcnts had !«*>» 
made when I began to work at the subject in JhmiJ : 
they appeared to prove that the powt n-<-rtainlv <■««!«, 
but nothing was really known as to the umum r in 
which the adjustment is effected. Mr. T. W. Wood'- 
original suggestion, that ‘ the ckiii of tin pupa ju 
photographically sensitive for a few hour;, only uft> r 
the caterpillar’s skin has been .••hid.’ w« i accepted 
by most of those who had worked at If It*’ subject. 
And yet the suggestion rested upon n*» shadow of 
proof; it depended upon a tempting but ovi r> traim d 
analogy to the darkening of the w‘Hr.it hv photographic 
plate under the action of light. But lie analogy 
was unreal, for, as Professor Xb Idola stand in the 
discussion which followed Mrs. Barber’s pap* r, * the 
action of light upon the wnsithe skin of a pupa 
has no analogy with its action on uny known photo, 
graphic chemical. No known substance retains per* 
manently the colour reflected on it by ndjac m 
objects.’ The supposed ‘ photographic sensitivcm ’ 
of chrysalides was one of those <kcepttv» ly humble Mjg. 
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gestions which are not tested because of their apparent 
probability. It would have been very easy to transfer 
a freshly formed pupa from one colour to another 
which is known to produce an opposite effect upon it; 
and yet if this simple experiment had been made the 
theory would have collapsed, for the pupa would have 
been found to resemble the first colour and not the 
second. Furthermore, Mr. Wood’s suggestion raised 
the difficulty that chrysalides which had become ex¬ 
posed in the course of a dark night would have no 
opportunity of resembling the surrounding surfaces, 
for the pupal colours deepen very quickly into their 
permanent condition. In working at the subject I 
determined to pay especial attention to such ques¬ 
tions. 

Experiments upon the chrysalis of the Peacock 
Butterfly 

I began work with the common Peacock Butterfly 
(Vanessa Io), of which the chrysalis appears in two 
forms, being commonly dark grey (see fig. 28), but 
more rarely, bright yellowish-green (see fig. 29): both 
forms are gilded, especially the latter. The gilding 
cannot be represented in the woodcuts. Only six 
caterpillars could be obtained, and these were placed 
in glass cylinders surrounded by yellowish-green 
tissue paper. Five of them became chrysalides of the 
corresponding colour; the sixth was removed imme¬ 
diately after the caterpillar skin had been thrown 
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off, and was placed in a dark box lined with black 
paper, but it subsequently deepen* d into a green 



pupa exactly like the others. Obviously the nur- 
roundings had wcereiml their influence before the 
pupa was removed. 

Experiments upon the chrysalis of the Small Tortoise¬ 
shell Butterfly 

Being unable f<» obtain more l»n.t of the i'laroeli. 
I worked uj>on tin* allied Small d ort • o; e> fo H!hitterfiy 
(Vutie$su iti’tU'u), whirl) t‘jni be obtaiin d in itwneiut 
numbers. In the expirimeufo fendm-M in jnm} ( 
over 700 chrj salkles of thb np< cii i* w< iv obt aim d mid 
their colours rmirded. firi,« n ,-iUToiindingi» were 
first employ!d in the la pe that a j>r» < n form t 4 pupa, 
unknown in the natural Mute, might 1»«< obtains!. 
The results were, how i vrr, highly ii re-odar, and there 
seemed to he no sumptibility to the colour, The p«p,r 
were, however, somewhat darker ttmn usual, ami this 
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The period during* which the colours of pupae are 
determined 

A very large number of experiments and the 
closest and most frequent observations were devoted 
to the determination of the time during which these 
organisms are sensitive to surrounding colours. It 
was first necessary to observe everything that happens 
to a caterpillar between the cessation of feeding and 
the change into a chrysalis, for I felt sure that the 
time of susceptibility lay somewhere within these 
limits. When one of these caterpillars is full-fed, 
it descends from its food-plant (nettle) and wanders 
about in search of some suitable surface upon which 
to pass the pupal period. This is stage i., and its 
length varies greatly, according to the proximity of 
suitable surfaces. Then the caterpillar, having found 
the surface, rests motionless upon it, generally in a 
somewhat curved position. This is stage ii., and it 
is also variable in length, but fifteen hours may be 
accepted as a fair average of the time spent in this 
position. Finally the caterpillar hangs, head down¬ 
wards, suspended by its last pair of claspers (larval 
legs), which are attached to a boss of silk spun at the 
close of the second stage. This is stage iii., which 
lasts for about eighteen hours, at the end of which 
time the skin splits along the back behind the head, 
and the chrysalis is exposed by the skin being worked 
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up toward?) the boss of silk. Then tin- toil of I ho 
chrysalis is withdrawn from the hit it tor of tin* r.lsin 
and i» forced up the outside of the bitter, until it 
comes in contact with the bos* of silk. Contact 
immediately causes some of the itmiiemus hnoios on 
the end of the chrysalis to be entangled in the Milk. 
During this apparently perilous operation the chrysa¬ 
lis is suspended to the larval skin, although different 
opinions obtain as to the exact method of its attach¬ 
ment. The sight is extremely interesting and beautiful, 
and the operation is almost always performed with 
precision and success. Ah soon a« the pupa is firmly 
attached to the silk, it endeavours, by tin* most violent 
movements, to got rid of the skin, and generally 
succeeds in detaching it. 

Exact determination of the period of susceptibility 

The whole of the period before pupation, inidudinp 
the three stage.., may hi i^timat.d a! aboiu ihirU i\ 
hours. Even if tin eats rpillan v,i j>- u n « ptibb 
during stage i., no effect iw r< .ill! - could be uhtallied ; 
for they an* then a and* ring our mu fan * of various 
colours, of which ft w i:m tu tin nun as that w)d<-h 
will form the environment of the chrysalis. Many 
experiments w«n conducted wiib the object of »<*. 
certaining the exact period of stun plilolity, l.arvje 
were exposed to one colour during stages i. and ii., 
and then transferred to another colour for stage m. 
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while other larvae were exposed to each of the colours 
for all three stages : the effects were then compared. 
The results of the largest experiment of the kind are 
given below:— 

Degrees of colour Dark Light 

(as before) | (l) (2) (3) (3) (3) (4) (5) 

In black surroundings for all | 

three stages . . . ; — 1 — 5 — 1 — 

Transferred from black into 

gilt for stage iii. . . ; — — — 1 5 3 — 

Transferred from gilt into ! 

black for stage iii. . . — — — — 0 9 — 

In gilt surroundings for all ( 

three stages . . . 1 — — — — 5 7 8 

j 

This analysis speaks for itself. Stages ii. and iii. are 
both sensitive, but stage iii. is much less sensitive 
than the other. This is proved by the fact that the 
larvae which had been exposed to gilt surroundings 
during stage ii. and to black afterwards, were lighter 
than those which had been exposed to black during 
stage ii. and to gilt afterwards. In other words, the 
coloured surroundings, both gilt and black, produced 
more effect during stage ii, than iii.; but both stages 
are sensitive, because the black and gilt surroundings 
produced still greater effects when they operated for 
the whole period before pupation. It must be ob¬ 
served that the caterpillars, in the experiment sum¬ 
marised above, tended as a whole to produce the 
lighter forms of chrysalides, so that the black did, 
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not cause m arly such .-trung effects ;ih tins gilt sur¬ 
roundings. Th«* tendency was evidently hereditary 
and shared by nil the rut* rpillurs of the company, ho 
that w« have « striking example of the errors which 
were eliminated by keeping the companies separate. 

It is almost unnecessary to point out how com¬ 
pletely the old theory of ‘ photographically sensitive ’ 
chrysalides is broken down by those experiments. 
Not only is the adjustment of the pupal colours to 
their surroundings due to larval susceptibility, but 
the larva itself has ceased to he highly sensitive many 
hours before pupation takes place. And this is to be 
expected, for during the latter part of stage iii. rapid 
changes are going on beneath its surface, and the 
developing pupa is becoming loosened from the larval 
skin which encloses it like « shell. Putting together 
the results of all the experiments, it is probable that 
in this species the influence of surrounding colours 
operates upon the larva during the twenty hours 
immediately preceding the last twelve hours of the 
larval state. Hence stage ii. is the great period of 
siisc* ptibihty, and this in probably the true meaning 
of the hours during which the caterpillar rests motion¬ 
less on th* surface upon which it will pupate; while 
stage iii. has other meanings connected with the rapid 
pupal development which is taking place. 
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Determination of the part affected by surrounding 
colours 

Having thus defined the time of susceptibility, the 
next question was to ascertain the organ or part of 
the larva which is sensitive. At first it appeared 
likely that the larvae might be influenced through their 
eyes (ocelli), of which they have six on each side of the 
head. Hence in many experiments the eyes of some 
of the larvae were covered with an innocuous opaque 
black varnish, and they, together with an equal number 
of normal larvae from the same company, were placed 
in gilt or white surroundings. The pupae from both 
sets of larvae were, however, always equally light- 
coloured. It then seemed possible, although highly 
improbable, that the varnish itself might act as a 
stimulus similar to that caused by white or gilt 
surroundings, and therefore the experiment was re¬ 
peated with black surroundings in darkness; but the 
pupae of the two sets were again almost identical, so 
that it appeared certain that the eyes can have 
nothing to do with the influence. 

It then seemed possible that the large branching 
bristles, with which the larvae are covered, might con¬ 
tain some organ which was affected by surround¬ 
ing colours, but experiments in which half of the 
larvae were deprived of their bristles showed con¬ 
clusively that the sensitive organs must have some 
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other position, for the from both sots of larvio 

were identical. 

I was thus driven to the conclusion that the 
general surface of the akin of the caterpillar is sensi¬ 
tive to colour during stage! ii. ami part of stage iii. 
In order to tent this conclusion I wished to subject 
the body of the same larva to two conflicting colours, 
such as black and gold, producing the most opposite 
effects upon the pupa. Such an experiment, if 
successfully carried out, would decide some important 
points. If the part of the body containing the head 
was not more sensitive than the other part, a valuable 
confirmation of the blinding experiments would be 
afforded. Mrs. Barber’s suggestion that parti-coloured 
pupa* may be produced by the influence of two colours 
would be tested in a very complete manner; if parti¬ 
coloured pupie wen; obtained it seemed probable that 
the light acts directly upon the skin, but if they could 
not la* obtained it seemed more probable that the 
light influences the termination of nerves in the skin, 
and that the pupal colours a re produeed through the 
medium of the nervous system. 

The practical difficulties in the way of such an ex¬ 
periment were very gnat, fur the conflicting colours 
could only he applied during stage iii., when the larva 
is motionless and tuny he disturbed with impunity. 
If, on the other hand, a larva be disturbed in stage 
ii. it begins to walk about and thus renders the 
experiment iniposidblo. The only way to obtain 

K 
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satisfactory results in spite of the slight susceptibility 
of stage iii. was to employ large numbers of larvae, 
and to pay careful attention to minute differences of 
pupal colour as well as to the time during which the 
conflicting colours had been applied. 

The experiments were conducted in two ways. 
In the first the larvae were induced to suspend them¬ 
selves from sheets of clear glass, by placing them in 
wide shallow glass boxes so that the ascent to the 
glass roof was easily accomplished. As soon as sus¬ 
pension (stage iii.) had taken place, each larva was 
covered with a cardboard tube divided into two 
chambers by a horizontal partition which was fixed 
rather below the middle. There was a central hole 
in the partition just large enough to admit the body 
of the larva. The tube was fixed to the glass sheet 
with glue; the upper chamber was lined with one 
colour, e.g* gilt, and the lower chamber with the 
opposite colour, e.g. black, with which the outside of 
the cylinder was also covered, in case the larva shoul 
stretch its head beyond the lower edge. The parti¬ 
tion was fixed at such a height that the larval head 
and rather less than half of the total surface of skin 
were contained in the lower chamber, while rather 
more than half of the skin surface was contained in 
the upper chamber. The arrangement is shown in 
section in fig. 30. 

The second method of conducting the conflicting 
colour experiments was superior in the more equal illu- 
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mination of the upper and lower colours. The bottom 
of a shallow wooden box was covered with alternate 
areas of black and gilt paper, and partitions were 
fixed along the lines where the two colours came into 
contact. Each par- _ _.. _ __ 

and black towards 5 \ 1 

the black, and was c -"""I 1 

box with holes which 1 

box was then placed I 1 

in a vertical position Fj( ^ 30> __ The larva of g maU Tortoiseshell Butter- 

+r\Trra vrla a a f«nn n suspended in a tube of which the upper 

lU Wdl CIS cL Strong compartment is lined with gilt, the lower with 
v i , i-t . if black: x 2. s. Boss of silk. b. Black, c. Card- 

light, SO that the board, g. Gilt. 

partitions became 

horizontal shelves, while the black and the gilt sur¬ 
faces were uppermost alternately. As soon as a larva 
was suspended to a glass sheet, the boss of silk was 
carefully scraped off and was pinned on the upper colour 
above one of the holes, so that the head and first five 


body-rings passed through the hole on to the colour 
beneath, which tended to produce opposite effects. 
Other larvae were similarly fixed between the shelves 
upon one colour only, so as to afford a comparison 
with the results of the conflicting colours. 
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A careful comparison of all the pupa' obtained in 
the conflicting colour experiments shoved that, when 
the illumination of the two surfaces was equal, tho 
effective results vert! produced by that colour to 
which the larger area of skin had been exposed, 
whether the head formed part of that area or not. 
Parti-coloured pupa; verts never obtained, ft there¬ 
fore appears to he certain that the skin tif tlm larva 
is influenced by surrounding colours during the sensi¬ 
tive period, and it is also probable that this effects arc 
wrought through the medium of the nervous system. 
This latter conclusion receives further confirmation 
from other observations which will he described in the 
next chapter (boo pp. 142-46). 





CHAPTER fX 


VAltlABLE IHIOTECTIVK UEHEMHUANCE IN 
INSECTS (run tin ttrtl) 

He meaning of the metallic appearance of papas 

Apart from the general physiological hignifieanee of 
the rcmultH dc.nedbrd in tin* last chapter, tli*y are of 
extreme interest in giving n* a possible c!ttt< tit the 
meaning of the remarkable metallic appearance of 
the* papa* of many btitferllica. Thin wonderful appear- 
nnce linn given tlio mime r/ov/Wi* to the hi coiitl 
Mtage of Lepidoptermw metamnrplioHw, although rela¬ 
tively few pupa* are really entitled to hear it. But 
Homo pupio which deaerve the name are very common, 
and probably have attracted attention ever mnoe men 
began to look with interest on tin world nronud them. 
Not only did the aleln mints believe that in the apjiear- 
inici! of those animala they received encouragement 
for the hticeeHKful ixMti of tin* project a which were 
ulwttya Iiefore them, but we Sind that Aristotle, writing 
more than yearn ago, mention'* >iut/wiHn as a 

word which was generally used in his t ime, and which 
had therefore Won inventod an diwriplivn of tin* 
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golden appearance at a still earlier period. There can 
be no doubt of this, for Aristotle’s word is xpvo-aXXk, 
identical with our own; nor can there be any doubt 
as to the stage of insect life to which Aristotle was refer¬ 
ring, for his language is precise and descriptive. In 
fact, if a naturalist wished to convey to any one igno¬ 
rant of the changes undergone in insect metamorphosis 
a short and simple but perfectly accurate account of 
the two first stages of a Lepidopterous insect, he could 
not do better than use the very words of Aristotle: 

‘ Caterpillars take food at first, but afterwards they 
cease to take it and become quiescent, being generally 
called chrysalides ; ’ 1 or again in another passage: 

‘ Afterwards the caterpillars, having grown, become 
quiescent, change their shape, and are called chrysa¬ 
lides.’ 2 

Mr. T. W. Wood suggested that the metallic 
appearance was so essentially unlike anything usually 
found in the organic kingdoms, that it* acted as a 
protection to the organisms possessing it. Others 
have thought that it has the value of a warning 
colour, indicating an unpleasant taste (see Chapter 
X.). It is probable that the appearance sometimes 
bears this meaning now, but it is unlikely that such 
was its original use; for the fact that metallic colours 
can be called up or dismissed by the appropriate sur- 

1 clI re ykp tcdpirai \a/j.Bdpov<n rb irparov rpo<f>}]V t perk ravra ovtc&ri 
KafMfidvovcnv, aXX.’ ktapyrlgovcriv at KaXo^fievat inr6 nvcoy xpvcrahhldes. 

2 fierk Ze ravra (a! tcdfiwai) avt-ydeTcrat kicivyrifyvcri, teal /merafidA- 
Kovcri rty p,op<f>fjv f teal KaXowrat xpvvaA-AiSes 
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roundings shows that they are essentially protective, 
and as far removed as possible from conspicuous 
warning colours, the object of which is to render their 
possessors unlike the environment. What can be the 
object in nature which the glittering pupae resemble ? 
It is obvious that metals are not sufficiently abun¬ 
dant on the surface of the earth to afford models for 
successful imitation, and there is the same objection 
to certain metallic sulphides which otherwise would 
answer the purpose admirably. 

A consideration of the darker non-glittering va¬ 
rieties of the same species helps us to an explana¬ 
tion. These certainly resemble the grey surface of 
weathered rocks, and the whole shape of such pupae, 
with their angular projections and tubercles, com¬ 
bines with their colour to produce a most perfect 
Protective Resemblance to rough dark surfaces of 
rock. In fact, did we not delude the larvae by offering 
them flat mineral surfaces in our walls and sides of 
houses, the protection would be so complete that 
we should hardly ever find the chrysalides; and, as 
a matter of fact, they are rarely seen except in such 
situations. 

In England we very rarely see a brightly metallic 
pupa because in our moist climate exposed rock- 
surfaces quickly weather and become lichen-covered. 
If, however, the bright appearance of many recently 
fractured rocks were retained, as they are in drier 
countries, they would cause the production of a similar 
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appearance in tlie pupa* of those larva* which sought 
them. 

Although metallic surfaces are not conspicuous in 
nature, there is a very abundant glittering mineral 
which is quite common enough to offer it surface 
against which the larva* might often suspend them¬ 
selves. I refer to the mineral mica, the substance 
forming the glittering flakes which are so well-known 
in common granite. Furthermore, any recently 
broken rock contains bright anti glittering surfaces, 
although they may not he so brilliant us mica, and 
the bright spots of the pupa. 1 would thus he of pro¬ 
tective value against almost any freshly exposed 
mineral surface. 

Hence we see that the pup® would occur as dark 
or glittering forms, as the surrounding mineral sur¬ 
faces arc dark or glittering: they appear in two 
different varieties which are respectively in harmony 
with tho two conditions of the mineral surfaces they 
resemble—the dark and weathered, and the bright 
and freshly exposed condition. 

It may be that this adaptation to mineral sur¬ 
roundings arose when the widespread green tints of 
tho vegetable kingdom contributed loss to the total 
appearance of land-surfaces; or the adaptation may 
have followed the habit of feeding upon herbaceous 
plants which withered away in the hot season, 
changing from green to brown during the time when 
the insect was in tho chrysalis state and could 
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undergo no corresponding change of colour. How¬ 
ever the adaptation arose in the ancestor of all butter¬ 
flies which now emerge from gilded chrysalides, it is 
probable that it took place in some hot dry country, 
where mineral surfaces did not weather quickly but 
remained glittering for long periods of time. 


The manner in which golden chrysalides are adapted 
for concealment on plants 

In the origin and gradual progress of our modern 
aggressive forms of vegetation, less and less of the 
land-surface has been formed by mineral substances, 
until the green colour of foliage and the brown colour 
of stems and of withered leaves have become the pre¬ 
dominant tints of nature and the most feasible models 
for Protective Resemblance. It is therefore interesting 
to note how the species with gilded pupae have adapted 
themselves to the change. 

The chrysalis of the Peacock Butterfly {Vanessa lo) 
still retains the dark variety, which is formed when 
pupation takes place upon dark rock surfaces ; but the 
golden form has been replaced by a green variety, 
which is produced when the chrysalis is suspended 
from the leaves of its food-plant. The green variety 
still retains the metallic appearance, and exhibits it 
to a much greater extent than the dark variety. 
During the summer of 1888 I found that the green 
form is produced by the surroundings which cause 
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the appearance of the gilded form of the Small 
Tortoiseshell chrysalis, viz. by a gilt and by a white 
environment. 

The chrysalis of the Eed Admiral Butterfly 
('Vanessa Atalanta ) has no green variety, but it appears, 
like the Small Tortoiseshell, as a dark or a glittering 
form resembling the two conditions of rock-surfaces 
upon which it often pupates, hanging suspended 
without any attempt at concealment except such as is 
afforded by its very perfect colour-harmony with the 
surroundings. I have shown that this species also is 
susceptible, and that either variety of pupa is produced 
by the appropriate environment. But this chrysalis 
is very commonly found attached to the food-plant, 
and when this is the case it hangs suspended in a 
tent formed of leaves carefully spun together by the 
caterpillar, so that it is concealed from view. The 
larva also often has the habit of partially biting 
through the leaf-stalk or stem, so that the leaves of 
its retreat hang down and wither. The dead brown 
leaves thus afford a far more harmonious background 
for the dark pupa, if by any chance it becomes 
exposed to view. 

The Small Tortoiseshell has neither the green 
variety of the Peacock nor the protective habit of 
the Bed Admiral, and therefore it almost invariably 
seeks mineral surroundings for the pupal period, and 
very rarely becomes a chrysalis on its food-plant. 
In 1886 I only found three such pupse suspended to 
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the food-plant, although I examined the nettle-beds 
where many hundreds of caterpillars had been feeding 
and had left for pupation. All these three pupae were 
dead, being filled with the parasitic larvae of Ichneumon 
flies. In 1888 I found many more pupae upon the 
food-plant, but a very high percentage of these had 
been killed by parasites, and the hurrying on -of 
pupation which occurred in the other cases and pre¬ 
vented the larvae from wandering in a normal manner 
may, I think, be attributed to the state of health 
induced by that extraordinarily wet season. 

The colours of certain dimorphic pupae cannot be adjusted 
to the surroundings 

I have already mentioned that I experimented 
upon the pupae of the Swallow-tailed Butterfly 
(Papilio machaon ), and found that they were not sus¬ 
ceptible to the influence of surrounding colours. This 
is also true, of the small family of Mocha moths 
(Ephyricla) which have freely exposed pupae, fixed 
like those of many butterflies by a silken girdle and 
boss, and often appearing in two varieties, green and 
brown. The caterpillars of the same species are also 
of two colours, and always produce pupae of corre¬ 
sponding tints (see page 46). 
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Variable Protective Resemblance in the pupae of the 
Pieridae. 

The susceptibility of the two species of Garden 
White Butterflies (Pieris brassim and P. raped) was 
also investigated in the same season (1886), and the 
results of previous observers were confirmed and 
extended. Many colours were employed, and it was 
found that the light reflected from yellow and orange 
surroundings was very potent in producing bright 
green varieties of the chrysalides of both species. It 
is therefore probable that when the light reflected 
from green leaves produces this effect in nature, the 
yellow and orange constituents of the light form 
the stimuli. When, therefore, these constituents are 
made use of nearly alone, they produce still more 
marked effects. Black and white backgrounds caused 
the pupae of both species to become dark and light 
respectively, and all other colours except yellow and 
orange produced more or less dark pupae. 

Experiments were made upon P. raped to ascertain 
the susceptible period, the larvae being transferred as 
in the case of the Small Tortoiseshell. The results 
were as in the latter: the larva is sensitive and not 
the pupa, and the time of chief susceptibility is during 
stage ii. 

A few larvae of P . rapee were blinded, but the chry¬ 
salides were similar to those produced by normal larvae. 
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Further experiments on the same subject 

During the summer of 1888 I conducted further 
experiments upon the same subject. The results are 
as yet imperfectly worked out, and are unpublished, 
but I will shortly mention the chief conclusions. 
Other glittering metallic surfaces, such as silver or tin, 
do not produce anything like so striking an effect as 
gold upon the pupas of the Small Tortoiseshell. It 
seems probable that the yellow light reflected from 
the gold is effective in preventing the formation of 
pigment, and in thus producing the gilded chrysalides, 
just as the yellow light also prevents the appearance 
of pigment and produces the bright green pupae among 
the Pieridce. 

Two new species also were investigated, and proved 
to be sensitive. The pupae of the Silver-washed 
Fritillary (Argynnis paphia) can be rendered dark or 
light in colour, although the metallic spots do not 
seem to be affected. The pupae of the Large Tortoise¬ 
shell (Vanessa polychloros) were also rendered dark 
brown without metallic spots, or light reddish-brown 
with the spots, by the use of appropriate surroundings. 
The metallic spots could not be extended over the 
pupal surface as in the case of the Small Tortoise¬ 
shell. 
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Confirmatory results obtained by other workers 

It is also interesting to record that many of these 
results have been since confirmed by independent 
workers. Mr. G. 0. Griffiths worked at the chrysalis 
of the Small Garden White (Pieris rap<z) 9 and con¬ 
firmed my results in many important respects. 1 The 
R§v. -J. W. B. Bell and Mr. Pembrey have worked at 
the pupae of the Small Tortoiseshell and Peacock, and 
the former also at the pupae of the Large Tortoise¬ 
shell. 2 Their results are, on the whole, confirmatory 
of those described above. 


Variable Protective Resemblance in the colours 
of cocoons 

It has been already mentioned that the colour of 
the cocoon in certain species can be adjusted to the 
environment. I obtained proof of this in 1886, at 
the suggestion of Mr. W. H. Harwood of Colchester, 
who had observed that the colour of the cocoon of the 
Emperor Moth (Satwrnia ccvrpini) varied, and seemed 
to suit its environment. I found that caterpillars of 
this species spun very dark brown cocoons in a black 
calico bag (see fig. 31), while white cocoons were 


1 Trams. Ent. Soc. Lond. 1888, pp. 247 et seq. 

3 The Midland Naturalist , Deo. 1889, pp. 289-90. 
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spun in white surroundings in a strong light (see 
fig. 32) .* 

In this case it seems almost impossible for the 
surrounding colours to influence directly the colour of 
the cocoon. It is necessary to assume the existence 



Fig. 31.—The cocoon of Emperor Moth Pig. 32.—The cocoon of Emperor Moth, 

(3. carpini), spun in a black calico spun on a white surface in strong 
bag; natural size, although an excep- light; natural size, 
tionally small cocoon. 

of a complex nervous circle as a medium through 
which the stimulus of colour can make itself felt. If 
this conclusion be correct it is probable that the 
colours of the pupa and larva are adjusted in the 
same manner. 

The observation upon S. carjrini has been con- 

1 Proc. Boy. Soc. vol. xlii. p. 108. I have since found that the 
fact must have been known previously, for it is quoted in Mr. A. R. 
Wallace’s Tropical Nature . I do not yet know the name of the 
naturalist who made the observation. 
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firmed, and has been extended io other species. Thus 
Rev. W. J. H. Newman showed that the cocoons of the 
Small Eggar Moth (Erioijantter laumlrin) am creamy 
white when spun upon white paper (sen fig. dark 


Pm, 33.-~ Th« «fwtrom uS Mtmll Eiwiir Vm, 3L Tl»»* warn i >4 
Moth (h\ tuto '«j»hi ttjwm iv lilti* «|»nis «ffio?ti? vj^n 

pajwr; wituml »!»'. 

brown when constructed among leaven f see jig. it 1 1 .’ 
These cocoons are so compact and smoolh tlmf they re¬ 
semble birds’eggs : a fact which explain?, the name of 
the moth. In constructing the cocoon the caterpillar 
leaves a few holes, which am doubtless of importance 
in permitting a free exchange of air. The fact that 
light reflected from green loaves is here the stimulus 
for the production of a dark rnlour is readily intelligible 
when we remember that the moth does not emerge till 
the following February at the earliest, while tin in¬ 
sect often remains in the pupal state for one or two 
years longer. The leaves in contact with the cocoon 
soon die and turn brown, and after this change the 
dark colour is highly protective. It is also of especial 
importance for the cocoon to bo well concealed during 
the winter months, when insect-eating animals are 




J*w. EnL $oc, l.Mmlt 18 H7 f |ip f 1» 11, 
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pressed for food, and are obliged to search for it with 
extreme care. 

I have also shown that the cocoon of the Green 
Silver Lines Moth (Halias prasinana) can be modified in 
colour like that of the Small Eggar. 1 This species also 
passes the winter in the chrysalis state, when the brown 
colour is highly protective. One of* my caterpillars 
had begun to spin a brown cocoon upon an oak leaf 
(see fig. 35). I then removed the caterpillar to a white 
box; it remained motionless for several hours and then 



Pig. 35.—Brown ooooon begun 
by caterpillar of Green Silver 
Lines Moth (B. prasinana) upon 
an oak leaf; natural size. 



Pig. 3G.—White cocoon spun by same 
caterpillar when transferred from 
oak leaf to white paper; natural 
size. 



Pig. 37.—The brown cocoon of 
Green Silver Lines spun upon 
an oak leaf. 


spun a white cocoon (see fig. 36). The brown cocoon 
of the same species is shown in fig. 37. Remembering 
the experiments upon the Small Tortoiseshell, it is 
very probable that the colour of the cocoon was deter- 

1 Proc. Bnt. Soc. Lond, 1887, pp. 1, li. 

L 






146 


THE COLOURS OF ANIMALS 


mined daring the time when the caterpillar wan 
motionless in the box. 

Still later in 1888 Dr. B. G. Lynam sent me some 
cocoons of tho Gold-tail Moth (LijmriM anriflm) which 
had been also modified in a similar manner, and I 
found that the same power is possessed by the cater¬ 
pillar of the Brimstone Moth (Humin cratmjata). 1 In 
this latter case a green tissue-paper background pro¬ 
duced brown cocoons like those spun upon green leaves. 

It is probable that this power of adjusliug the 
colour of tho cocoon is very common among species 
which spin in exposed situations. It may sl-o be 
expected to occur in those Hymcnoptera with similar 
habits. The investigation of the physiological pro¬ 
cesses involved in tho adjustment would be of extreme 
interest. Last year (1888) I obtained a large number 
of Small Eggar caterpillars, intending to begin such 
an investigation, but nearly all of them died just 
before reaching maturity It is to be hoped that 
many species will now be tested in order to uncertain 
whether this form of susceptibility is present. 


Variable Protective Resemblance hr Lepidopterou* 
larvae 

It now remains to briefly consider the power of 
colour-adjustment imstsHsod by certaift caterpillars. 
Naturalists have long known that in certain species 
1 Proc, En( f 8oc. htwi. 1'W, 
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the colour of the caterpillars may vafy according to 
the colour of the plant upon which they are found. 
This is especially true of caterpillars feeding upon 
brightly coloured parts of the plant, such as the 
anthers or petals. At the same time there has been, 
until recent years, hardly any systematic investigation 
of these interesting facts. Professor E. Meldola’s 
editorial notes to his translation of Dr. Weismann’s 
‘ Studies in the Theory of Descent ’ (the essay on 
6 The Origin of the Markings of Caterpillars ’) contain 
many instances of this kind, together with most sug¬ 
gestive remarks upon them, which first induced me to 
work at the subject. At a still earlier date the same 
writer had brought together all the scattered examples 
of this kind, including the power of adjusting the 
colours of pupae, and had drawn attention to the 
general principles involved. 1 


Experiments upon the larva of the Eyed Hawk Moth 

(Smerinthiis occllatus) 

The instance which Professor Mcldola chiefly con* 
eiders in his editorial notes is that of the caterpillar 
of the Eyed Hawk Moth (Smerintkm ocellatm), which 
is of a whitish-green colour when it is found upon 
apple and certain kinds of willow, and of a bright 
yellowish-green when found upon other species or 
varieties of willow. The colours are on the whole 
1 Jproc. Zool Soc< 187S, p. 158, 

V % 
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protective; tlie larva resembles the under side of a 
rolled* up leaf, and when the food-plant bears leaves 
with white and downy under sides (apple, SaUx 
mminalin, &c.) the larva is usually whitish ; while it 
is generally yellowish-green upon trees of which the 
leaves have green under sides (Salix triandra, S. baby- 
lonica, S. rubra, S. fragilis, &c.). I remember, when 
a boy, finding the two varieties of larva, and being 
much astonished at the difference between them. 

I began working at the species in lfiH l, and have 
brod largo numbers of the larva: for every season since 
that year. Only the results of the earlier experiments 
arc published. 1 The eggs of each female moth were 
kept separate, and the caterpillars of each batch were 
fed upon a variety of food-plants, and manifested de¬ 
cided differences in their shade of green. At Urn same 
time remarkable, except ions occasionally occurred; 
sometimes, also, when collecting 1 have found bright 
green individuals upon apple. Blinding experiments 
like those upon the Hmall Tortoiseshell led to negative 
results. Thesis experiments were very laborious, for 
a caterpillar changes its skin four times, and with it 
the covering to its eyes and the opaipie varnish. Hence, 
before each change of skin the caterpillars were sepa¬ 
rated from the food, and, after changing it, were re- 
blinded before being restored. 

Before this investigation had been begun, it was 
believed that such variability in caterpillars was duo to 
’ Proc. Pay. Soe. vol. xwviii. p. 209 ; vet. *!. p, 135, 
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the direct chemical effect of different kinds of leaves 
upon them after being eaten, and it was therefore 
called phytophagic variability. Many special experi¬ 
ments were directed toward the solution of this 
question. Thus, leaves were sewn together, so that 
the caterpillars were exposed to the colour of the 
upper or of the under side alone, although they ate 
the same leaf in both cases. In other instances the 
‘ bloom ’ was rubbed off the under sides of some leaves 
(Salix fragilis, incorrectly described as Triandra in 
my papers), while others were left normal. The results 
proved that the caterpillars are affected by the colour 
of the leaves and not by the leaves as food. Com¬ 
parison with the experiments on pupae renders it 
most probable that reflected light influences the skin. 


Experiments upon the larvae of other Sphingidae 

Professor Meldola had also quoted the instance of 
the larva of the Privet Hawk Moth (Sphinx ligustri), 
which is of a much brighter green when found upon 
privet than when found upon lilac. Larvae of this 
species, from the same batch of eggs, were fed upon 
the two plants, and the above quoted observation 
was confirmed. The larvae of the Lime Hawk Moth 
(Smerinthus tilice) were similarly modified, being made 
unusually light green by the use of variegated elm 
and a lime having leaves with very white and downy 
under sides. 
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Experiments upon the larvae of G-eometrse and Noctuse 

The experiments were then extended to many 
other dark-coloured larvae (chiefly Geometrm). The 
method of experiment was as follows : a larva which 
resembles the twigs or bark of its food-plant was 
selected, and was surrounded by the leaves upon which 
it fed, and by white or green surfaces. No brown 
twig or anything dark-coloured was allowed to come 
near it during its whole life. Under these circum¬ 
stances the larvae, in the majority of the species selected 
for experiment, became very light brown or light grey 
in colour, and quite unlike the darker larvae of the 
same kinds which were produced when an abundance 
of dark twigs had been mixed with the leaves of the 
food-plant. 1 

The results were certainly protective, for the 
lighter larvae were far less conspicuous on the green 
leaves and stems than the darker ones would have 
been. At the same time it must be admitted that the 
resemblance of the darker forms to the dark branches 

1 These experiments have been successfully applied to the follow¬ 
ing Geometry:—Grocallis eHnguaria (for two seasons), Ennomos 
angularia, E. lunaria, Boarmia rhomboidaria (this species was inves¬ 
tigated by my friend and pupil, Mr. R. C. L. Perkins, B.A., of Jesus 
College, Oxford), B. roboraria ; and to one of the Noctua, Catocala 
sponsa. Since this note was written, I have found, during the past 
summer (1889), that the Geometer Heterophylla, abruptaria, and the 
Noctuas Catocala electa and C. elocata, are also sensitive, the first and 
last named to a marked degree. 
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Experiments upon the hints* of the Brimstone Moth 
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entirely excluded the larvae became greenish-brown, 
brownish-green, or sometimes of a decided green 
colour, and thus harmonised well with the leaves and 
young green twigs of the hawthorn. In the presence 
of dark' twigs they became dark brown like so many 
other larvae. 1 

Experiments upon the larvae of the Peppered Moth 

The second instance is even more remarkable, and 
has only been observed during the present year (1889). 

I obtained some 
hundreds of eggs 
from a single wild 
female of the Pep¬ 
pered Moth (Am- 
phidasis betularia), 
and the caterpillars 

Fig. 40.—The larva of Peppered Moth (A. letularia) loa wptp 

surrounded by green twigs and leaves ; full-fed ; WU1CH natCIltJU WoxO 
half natural size. treated ag J n the 

other experiments. 
The larvae reared 
among green leaves 
and shoots became 

Fig. 41.—The larva of Peppered Moth surrounded by bright green (see 
abundant dark twigs as well as leaves. 

fig. 40) without ex - 
ception, •while the others in nearly all eases assumed 
the colour of the dark-brown twigs, which were mixed 

1 Report of the British Association , 1887, p. 756; also Nature, 
vol. 36, p. 594. 
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■with the leaves upon which they fed (we tiy. ft): 
about one or two per cent., however, took their colour 
from the latter. The food-plants were the wune in 
both experiments. 




a transparent skin 

Some authority;** havt* supposed that llio dtititfco 
of colour under Hitch rinmiuhtaJicoH inn vmn\m ml h oly 
simple thin#, that ilm youn&cr groom lunvoa mim 
and booh in flu; itlliuonbtry mmil through till morn or 
Icons tninsparont Ubhuoh ontnm ii brighter appearance, 
Hu* okior Imvob prodwi in tho hhhk* iiiii im#-?r it 
dnrkt*r appoantut’i'. Thin nttiso of colour in rrrtitiiily 
eftiriiiit in many transparent oatorpilhirH tamo p. 79), 
HUCll H*i W#lJIO of fill' lull, it lllli')-* 11**1 ill‘t '1 lilllf, 

for any of t}ii’ r« suit^ obtain* d in my * n^rritm nf". 

A* a pn-raiiliiui a^ain 4 molt nn * rr*.r» 1 r* \* oo»I 
lilt* miiToiimliwy of a iVv* iann *,f m*, j t)o* p« rk > 
oi|» rim* lift »l upon. Th* n» o» I iklnm m n io;un*< 
taintd for '-mnodoy , during u) o L ?h* *•*m?* nf s *4 fh*> 
alimentary o;u*ul mu •* h;r«* k^ u *mum* d §m*j<y timo* * 
but no p* rooptiUo «fk *•?. vnv* prodno* 4. Tliih rruitf 
alKO tfervo^ |fi Aiom thiit tlto inllu* :n'l f O’i) 'lo?\*Jy, 
and flint the pr<m * * *.f udpMua n? ar* mmlb 4if- 
forint from tho<« v<J*j«h niha ?h#< rapid of 

colour rooepk j«^f §,; I h. r *,pN r VII. 




154 


THE COLOTJHS OF ANIMALS 


The difference between slow and rapid adjustment 
of colour 

Thu essential difference between the two kinds of 
adjustment in tlint, in the one caw*, the pigmented 
part of certain ceils contracts in ohedience to nervous 
stimuli, and thus alters the general appearance ; while 
in the other case the coloured part is actually huilt 
up of the appropriate tint, or loses its colour alto¬ 
gether and becomes transparent in obedience to the 
same stimuli. The frog or fish has a series of ready¬ 
made screens which can he shifted to suit the environ¬ 
ment ; the insect has the power of building up an 
appropriate screen. In many ease.-, however, the 
green colour of caterpillars is due to the ready-made 
colour of the blood, which becomes effective when 
pigment is removed from the superficial tails, hut 
which disappears when the latter are rendered 
opaque. Here, however, the superficial cells form the 
screen which has to lx; built up or from which the 
colour must be dismissed; and in certain species 
even the colour of the blood is entirely changed in 
the passage from a green to a dark variety or n><; 
vena. 

Hence it is to be expected that the changes occur¬ 
ring in an insect will occupy a considerable time as 
compared with those which take place in a frog. 
Another difference between tlm two processes is Unit 
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the stimulus from the environment falls upon the eye 
in the one case and probably upon the surface of the 
skin in the other. 


Variable Protective Resemblance in insects is no 4 
explanation of the origin of colour 

Many authorities have believed that, in the results 
of these experiments upon the colours of insects, we 
see an explanation of the origin of colour, by the direct 
influence of environment accumulated through many 
generations. This is a very tempting conclusion, and 
one which for a time appeared to me to be satisfactory. 
But as soon as there was clear evidence that the 
medium of the nervous system is necessary, the 
results were seen to be indirect, and to have needed 
the most astonishing adaptations on the part of the 
organism before the colour of the environment could 
exercise any influence upon it. 

It might still be maintained that the existing 
colours and markings of certain caterpillars are at any 
rate in part due to the accumulation through heredity 
of the indirect influence of environment, working by 
means of the nervous system. To this it may be 
replied that the whole use and meaning of the power 
of adjustment depends upon its freedom during the life 
of the individual; any hereditary bias towards the 
colours of ancestors would at once destroy the utility 
of the power, which is essentially an adaptation to the 
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fact that different individuals will probably meet with 
different environments. Ah long ago as I87i$, Pro¬ 
fessor Meldola argued that thin }tower of adjustment 
is adaptive and to he explained by the operation of 
natural selection. 1 

Comparison between the varying effects of green 
leaves upon the different stages of an insect strongly 
supports the view that the results are due to adaptation. 
Thus the caterpillar of the Brimstone Moth remains 
upon its food-plant for a few weeks in the summer when 
the loaves are green, and green leaves cause tin* larva 
to become <jrrm and to lose the dark pigment. But 
the chrysalis remains among the leaves in winter 
when they have become brown, ami green leaves cause 
the caterpillar to spin a dm li cocoon. 1 It nee precisely 
opposite effects are produced by the operation of the 
same force, the. nature of the effects having been 
determined by adaptation. 

Furthermore, there is no positive evidence for arty 
of these effects becoming hereditary. 1 have carried 
on some of my experiments for more than one genera¬ 
tion, always carefully noting the effects produced in 
the parents, and have never been able to detect any 
resulting hereditary tendencies, even when the previous 
generation had been powerfully influenced. 

When therefore we meet with a dimorphic species 
which is not influenced by its environment, so as to 
produce the appropriate form, l do not believe that we 

■ i'ruc. %ml. Soe. 1 *'«, |». 133. 
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vailing tint of the earth in dark, aw in peaty districts. 
It is improbable that these are local races, and the 
only other interpretation in that the erdours can he 
varied an the result of a stimulus. No experimental 
proof of thin him been hb yet afforded. If the view 
adopted here be correct, it will be of extreme intercut 
to define the susceptible period ; it will most probably 
bo found at the close of larval life. 

I have treated thin part of the subject at some 
length and have discussed many details. I have done 
so because the inquiry is new, and will not be found 
in other books on the colours of animals ; 1 and also 
becauHe 1 hope that some, of my readers may he in¬ 
duced to carry on investigations for themselves in a 
field which is easily entered, and in which further 
help in especially necessary. 

1 Hiimo thin rentener v,n< mriui ij. Mr, A, K. Walter M imu.1 iritwr- 
Mtina volume, thutrinhm, ha«. im 4, A 4mit *rnmitl nf Variable 
Protwjtivo Ki.wmblanci: in inKiwt* will U Mmi in it. 








CHAPTER X 
WARNING COLOURS 


Wb now come to a class of colours with a moaning 
precisely opposite to that of the large duns wo have 
just been considering. The object of tins latter is to 
conceal the possessor from its enemies, the object of 
the former is to render it as conspicuous as possible. 
As in other classes of colour, the most familiar and 
striking illustrations are to he found among insects.* 

The sharp contrast between most Proteotive or Aggres¬ 
sive Resemblance* and Warning Colours 

It must have been obvious to any one interested in 
natural history that the insects met with during a 
walk in summer may he arranged in two great groups: 
those which are extremely difficult to find and excite 
our wonder by the perfect manner in which th**y are 
concealed, and those which at once attract our attention 
by their startling colours and conspicuous attitudes, 
the effect being often greatly increased by the habit 

1 Muny ut lb* tm'tk I4«fi cr#f ri« hJ« iiIn flit4f|i?4j4#'f lint frinii 

my f^pr in ilr !*v<n, S»t % 1*^7, p, i*f|, 
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of living in companies. These two groups form, 
perhaps, the sharpest contrast in nature. We 
assume, almost as a matter of course, that the latter 
are protected in some other way, that if captured 
they would prove to be of little value, or even posi¬ 
tively nauseous or dangerous. 


The value of Warning Colours 

At first sight the existence of this group seems to 
be a difficulty in the way of the general applicability 
of the theory of natural selection. Warning Colours 
appear to benefit the would-be enemies rather than 
the conspicuous forms themselves, and the origin and 
growth of a character intended solely for the advan¬ 
tage of some other species cannot be explained by the 
theory of natural selection. But the conspicuous 
animal is greatly benefited by its Warning Colours. 
If it resembled its surroundings like the members 
of the other class, it would be liable to a great deal of 
accidental or experimental tasting, and there would 
be nothing about it to impress the memory of an 
enemy, and thus to prevent the continual destruction 
'of individuals. The object of Warning Colours is 
to assist the education of enemies, enabling them to 
easily learn and remember the animals which are to 
be avoided. The great advantage conferred upon the 
conspicuous species is obvious when it is remembered 
that such an easy and successful education means an 
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education involving only a small sacrifice of life. It 
must not be supposed that nauseous properties are 
necessarily attended by Warning Colours ; there are 
very many instances in which they are accompanied 
by Protective Resemblances and habits. The common 
cockroach is a familiar example of this latter asso¬ 
ciation. 


Warning Colours in Mammalia 

The highest vertebrate animals are rarely protected 
by the possession of the qualities which are most com¬ 
monly attended by Warning Colours, viz. an unplea¬ 
sant taste or smell. There is, however, at least one 
mammal of which this is certainly true. This ex¬ 
ample is brought forward in Belt’s most interesting 
book, ‘ The Naturalist in Nicaragua.’ 1 Thus he tells 
us that at night ‘ the skunk goes leisurely along, 
holding up his white tail as a danger-flag for none to 
come within range of his nauseous artillery.’ He also 
alludes to the foetid fluid which these animals ‘ discharge 
with too sure an aim at any assailant.’ He describes 
the large white tail as laid over against the black and 
white body, producing a very conspicuous effect in 
the dusk, so that the animal ‘ is not likely to be 
pounced upon by any of the Carnivora, mistaking it 
for other night-roaming animals.’ The conspicuous 
appearance of the skunk is shown in fig. 42. 

1 Second edition, 1888, pp. 174, 249, 250, 320, 321. See also 
Mr. A. E. Wallace’s Darwmism, 1st edition, p. 233. 
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I know of no instance of this kind among birds, but 
it is probable that the gaudy and strongly-contrasted 
colours of certain tropical species may be found to be 
accompanied by some nauseous property and to be of 
warning significance. 



Fig. 42 .~The Brazilian Skunk {Mephitis suffocant) : showing the conspicuous black 
and white appearance of the animal which serves as a warning to its enemies. 

The brilliant and conspicuous colours of many 
powerful birds are, I think, to be explained as a 
result of the free scope given to sexual selection (see 
pp. 311-12). 
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Warning Colours in Reptiles 

Warning characters are not uncommon among 
poisonous reptiles. The various species of Coral 
Snake ( Elaps ), occurring in tropical America, are ex¬ 
tremely venomous, and are highly conspicuous, their 
bodies being alternately banded with bright red and 
black, and often with yellow. 1 It is extremely in¬ 
teresting to observe that the deadly Rattlesnake 
(Crotalus) warns an intruder of its presence by sound 
instead of by sight, like the Coral Snake. The Cobra 
is protectively coloured, but, if attacked, it expands 
the hood with the conspicuous eye-like marks, and 
thus endeavours to terrify its enemy by the startling 
appearance. The majority of poisonous snakes, how¬ 
ever, depend entirely upon Protective Resemblance 
together with the use of their fangs. This, for ex¬ 
ample, is the case with our common Viper. 

It is, however, an advantage to some snakes to 
acquire warning characters and to live on their repu¬ 
tation for being poisonous; for although an animal 
bitten by one of them would probably die, the effects 
are never immediately fatal, and there would be plenty 
of time for the snake itself to be killed. Again, the 
snake possesses only a limited supply of poison at any 
one time, and if this had been recently drawn upon 

1 See also A. R. Wallace’s Essays on Nai/wral Selection , 1875, 

p. 101. 
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for purposes of defence or for killing prey, the snake 
would be comparatively harmless. Hence it would 
be to the advantage of certain snakes to advertise 
publicly the fact that they are dangerous, retaining 
the poison to use if necessary; and others would gain 
by concealing themselves by Protective Resemblance, 
while they also would use their poison fangs if detected 
and attacked. The question is not whether one of 
these methods is better than the other, but whether 
either of them is better than an intermediate con¬ 
dition ; so that we can well understand why one 
group of poisonous snakes should adopt one method, 
while the other method is made use of by another 
group. 


Warning Colours in Amphibia 

Among the Amphibia a beautiful example has been 
afforded by Mr. Belt’s acute powers of observation. 1 
‘ In the woods around Santo Domingo there are many 
frogs. Some are green or brown, and imitate green 
or dead leaves, and live amongst foliage. Others are 
dull earth-coloured, and hide in holes and under logs. 
All these come out only at night to feed, and they are 
all preyed upon by snakes and birds. In contrast 
with these obscurely coloured species another little 
frog hops about in the daytime, dressed in a bright 
livery of red and blue. He cannot be mistaken for 
any other, and his flaming vest and blue stockings 

1 Loc . cit. p. 321. 
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show that he does not court concealment. He is very 
abundant in the damp woods, and I was convinced he 
was uneatable so soon as I made his acquaintance 
and saw the happy sense of security with which he 
hopped about. I took a few specimens home with me 
and tried my fowls and ducks with them, but none 
would touch them. At last, by throwing down pieces 
of meat, for which there was a great competition 
amongst them, I managed to entice a young duck into 
snatching up one of the little frogs. Instead of swal¬ 
lowing it, however, it instantly threw it out of its 
mouth, and went about jerking its head, as if trying 
to throw oif some unpleasant taste/ It is also ex¬ 
tremely probable that the well-known European Sala¬ 
mander (Salamandm maculosa), so conspicuous with 
its irregular yellow blotches on a black ground, pos¬ 
sesses some unpleasant attribute. I do not think, 
however, that there is any direct evidence for this, 
like that obtained by Mr. Belt in the case of the 
Nicaraguan frog. 


Warning Colours in Marine Animals 

Many fish are poisonous, and many possess for¬ 
midable defensive spines, but I do not know that any 
attempt has been made to connect these characters 
with a conspicuous appearance. It is very probable, 
however, that such a connection exists in many cases. 1 

1 Mr. Garstang suggests that the weever-fish (Trachmm vvpera) 
is an example of Warning Colouration. It possesses a pair of in- 
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Warning Colours are probably wide-spread among 
marine organisms. Mr. G-arstang had suspected that 
the bright colours of certain compound Ascidians were 
of warning significance, because these helpless animals 
are thus rendered extremely conspicuous, and because 
some of them emit a most unpleasant odour. He now 
finds that fish invariably refuse them : although some¬ 
times tasted or even swallowed, they are never retained. 
The bright colours of many sea-anemones and sponges 
are probably to be explained in the same way. Evi¬ 
dence in favour of this conclusion is given on pp. 
200 - 204 . 


Warning Colours in Caterpillars: the history of their 
discovery 

Warning Colours are greatly developed in insects, 
and an account of the first recognition of this prin¬ 
ciple among caterpillars is of great historical interest. 
When Darwin was investigating the bright colours of 
animals, and was elaborating his theory of their ex¬ 
planation as of use in courtship, he came across the 
brilliant colours of certain caterpillars, and saw at 

tensely poisonous spines on its gill-covers, and is rendered conspicuous 
by a deep black first dorsal fin. Tire body of the fish is completely 
buried in the sand, which it resembles in colour, the black fin alone 
being seen. Mr. G-arstang thinks that this conspicuous character 
prevents such fish as gurnards from mistaking the weever for the 
dragonet (Callionymus lyra), which is similar in size and habits. He 
has frequently found the dragonet in the stomachs of gurnards, but 
the weever never. 
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once that they were a difficulty in the way of the 
theory. For caterpillars are undeveloped organisms ; 
they have been described as ‘ embryos leading an in¬ 
dependent life/ and there is no way of distinguishing 
the sexes by external colour or structure (except in a 
few instances). Here, therefore, we meet with bril¬ 
liant colours, often rendering the possessors con¬ 
spicuous,* which cannot be of any use in courtship. 
Seeing, therefore, that the bright colours must be of 
use in some other way, Darwin drew the attention of 
Wallace to the subject, and asked whether he could 
suggest any explanation. Wallace accordingly thought 
over the subject, and considered it as part of the 
wider question of the varied uses (other than sexual) 
of brilliant and startling colour, in other stages of 
insect-life, and in numerous instances scattered over 
the whole animal kingdom; and he finally ventured 
to predict that birds and other enemies would be found 
to refuse such conspicuous caterpillars if offered to 
them. He believed, in fact, that such larvae are pro¬ 
tected by possessing a nauseous taste or smell, or some 
other property which renders them unfit for food. 
Conversely Wallace argued that inconspicuous cater¬ 
pillars would be eaten and relished whenever they 
were detected. 

It is most inspiring to read the letter in which the 
great founder of modern biology accepted this fruitful 
suggestion. 

* . , , You are the man to apply to in a difficulty. 
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I never heard anything more ingenious than your 
suggestion, and I hope you may be able to prove it 
true. That is a splendid fact about the white moths; 
it warms one’s very blood to see a theory thus almost 
proved to be true.’ 1 

Very soon after the suggestion was made public 2 
it received confirmation by experiments conducted by 
Mr. J. Jenner Weir 3 and Mr. A. Gr. Butler. 4 At a 
later date experiments of the same kind were made by 
Professor Weismann, 5 and still later by myself. 6 It 
was found that while birds devoured with eagerness 
the well-concealed caterpillars, they refused those 
with conspicuous colours; it was also found that 
other insect-eating animals, such as frogs, lizards, 
and spiders, refused larvae with warning colours, or 
did so after first tasting them. 


Examples of Warning Colours among Caterpillars 

A very common example of a caterpillar with 
warning colours is afforded by the larva of the Cur¬ 
rant Moth or Magpie Moth (Abraxas grossulariata ), 
which is excessively abundant in gardens (see fig. 48) 

1 Life and Letters of Charles Darwin, 1887, vol. iii. p. 94. 

2 Proc. Ent. Soc. Lond. Ser. 3, v. p. lxxx. 1867. 

s Trans. Ent. Soc. Lond . 18G9, Part i. April. 

4 Ibid. p. 27. 

6 Studies m the Theory of Descent, Part ii. pp. 336-340. English 
translation by Professor R. Meldola. 

6 Proc . Zool. Soc. 1887, p. 191. This paper contains an account 
of all previous work on the^same subject. 
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The caterpillar is extremely conspicuous, being of a 
cream colour with orange and black markings. Al¬ 
though it belongs to the group of well- 
concealed ‘ stick-caterpillars ’ (Geome¬ 
try), of which several instances have 
been considered in Chapter III., it makes 
no attempt to hold itself in any of the 
attitudes characteristic of its group 
(compare fig. 48 with figs. 1, 2, 3, 4, 6, 

8, and 9). All observers agree that 
birds, lizards, frogs, and spiders either 
refuse this species altogether, or exhibit 
signs of the most intense disgust after 
tasting it. 



Fig. 43.—The larva 
of Magpie Moth 
(A. gromilariata ), 
showing "Warning 
Colouring; full- 
fed ; natural size. 



Fig. 44.—The larva of Buff-tip Moth ( P. Jimrphnhi ), Fig. 46.—The larva of Cinnabar 

showing Warning Colouring; full-fed; natural Mobil (/?. Jacobcem), showing 

size; from Curtis. Warning Colouring; full-fed; 

natural size; from Curtis, 
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The caterpillar of the Buff-tip Moth (Pygcera bu- 
cephala), fig. 44, and the Cinnabar Moth (Euchelia 
jacobcece), fig. 45, are also extremely abundant, and 
are good examples of the association of Warning 
Colours with a nauseous taste. Both of them are 
gregarious, living in large companies, so that their 
conspicuous appearance is greatly intensified. The 
colours of the first-named larva are black, yellow, and 
orange. It feeds on oak, elm, lime, birch, hazel, &c., 
and the large bare branches which attest its appetite 
are very familiar sights in autumn. The second 
caterpillar is coloured by alternate black and yellow 
rings; it feeds upon ragwort in the summer. There 
is plenty of experimental evidence for the unpleasant 
taste of both caterpillars. 

The conspicuous gregarious caterpillars of the 
Large Garden White Butterfly (Pieris brassier), which 
are only too well known in cabbage gardens in the 
autumn, are also protected in the same manner. 
Many other instances will be found in the papers 
already referred to. 


A caterpillar may be freely exposed rather than 
conspicuous 

In some cases the warning of an unpleasant 
quality is conveyed by the caterpillar being freely 
exposed, while its colours, although sober, do not 
harmonise with those of the food-plant. This may 
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be true of gregarious species, such as the dark larvae of 
the Peacock or Small Tortoiseshell butterflies, which 
feed freely exposed on the tops of nettles, and which are 
known to be refused by some insect-eating animals. 1 


The various unpleasant qualities possessed by 
caterpillars with Warning Colours 

Other unpleasant attributes, as well as that of 
a nauseous taste, may be associated with Warning 
Colours. A strongly smelling or irritant fluid maybe 
discharged from special glands on the approach of an 
enemy. Glands of this kind occur on the back of 
many common caterpillars, such as the brilliantly 
coloured f Palmer worm ’ (larva of Porthesia auriflua), 
or the onspicuous ‘Hop-dog ’ (larva of Orgyia 
pudibunda). The larvae of some common gregarious 
saw-flies ( Hymenoptem ), such as Croesus septentrionalis , 
which completely denudes the branches of birch trees, 
have a number of odoriferous glands along the middle 
of the ventral surface. When disturbed, the body is 
turned forward over the head, and the glands are 
everted so that their secretion escapes into the 
air. The meaning of the gregarious habit is very 

1 The gregarious habit may render an insect so conspicuous that 
it is unnecessary lor it to acquire bright colours. The * warning ’ 
significance of the gregarious habit was first suggested by Fritz 
MuUer (. Kosmos , Dec. 1877). An abstract of this paper has been 
published by Professor Meldola ( Proc . Ent. Soc. Lond. 1878, pp. vi 
and vii.). 
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clear in this and parallel cases ; for when many indi¬ 
viduals combine to * discharge an unpleasant odour, 
they become surrounded by an atmosphere which acts 
as a most effective barrier. 


Irritating hairs possessed by certain larvae 

Again, caterpillars may be protected by possessing 
irritating hairs. This is the case with the ‘ Palmer 
worms' mentioned above, which are thus doubly pro¬ 
tected. Many people have discovered this fact to 
their cost after handling these pretty black, red, and 
white caterpillars, which are so abundant and freely 
exposed on our hawthorn hedges in early summer. 
When the face or neck is touched by the hands, which 
are covered with minute barbed hairs shed by the 
caterpillar, an intensely irritating rash soon makes its 
appearance. The same effect is produced, as I shall 
always remember, if an old cocoon, in which the hairs 
are interwoven, be pulled to pieces with the fingers. 
These caterpillars were nearly always refused, but Mr. 
Butler records that they were in one case eaten with¬ 
out hesitation by a young sky-lark, which soon after¬ 
wards died with symptoms which may have been due 
to the irritating hairs. One of my lizards also seized 
a larva, but relinquished it after biting it for sometime. 
The lizard was evidently greatly irritated by the hairs 
in its mouth. Many other hairy caterpillars also 
produce a rash: thus, the larvae of the Fox Moth 
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the butterflies and moths, out of the eighty-eight spiny 
and hairy species tabulated only one is green (/., 
Hijbilla ),and even thin may uol ho protectively ruloumd, 
since it has yellow warts and white lateral lines. On 
the other hand, a very great majority of the Mack and 
brown caterpillars, an well as those mure or less 
marked with blue ami red, are either hairy or *piuy, 
or have Home HpceinI protection.’ 

Kir John Lubbock, however, fully nrogsuMs that 
hairs may coutrihnto toward* tin 1'roteetive li<-am¬ 
biance of certain specie*, examples of which have 
been already given (mo page I'roftw.or .Mehlola 

suggests that a probable original m> ailing of tie hairy 
covering wan protection from injury »ff* r fulling from 
the food-plant. 

Warning Colour* in other stage* of metamorphosis in 
Lepidoptera 

Lepidoptera of many species are protected by 
Warning Colours and unpleasant attributes, in nth* r 
stages in addition to that of the larva; and tin mhih 
method of defence is also adopted in other orders of 
insects. The chrysalis of the Magpie M ith, which is 
black with yellow bands, and exposed to view in a very 
slight cocoon, is nauseous like the larva, and the, slow- 
flying moth itself, with white wings rendered conspicu¬ 
ous by yellow markings a nil black spots, isdefeudwl in 
the same manner. When captured it makes no attempt 
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to escape, but ‘ feigns death/ The conspicuous and 
sluggish day-flying black and red Burnet Moths 
(Zygcena) and Cinnabar Moth (Eucjielia Jacobcem) are 
also nauseous, and so is the gaudy Garden Tiger Moth 
(.Arctia cwja ). Many white moths, or black and white 
moths, have also been refused by insect-eating animals 
with every sign of disgust. 


Consideration of the later stages of species with 
unpalatable larvae 

A comparison of the means of defence and paya¬ 
bility in the three stages of metamorphosis, in species 
of which the larvae are known to be nauseous, proved to 
be extremely interesting, and much more work is needed 
in the same direction. In the first place the com¬ 
parison showed that when the later stages are nauseous 
the larva was also nauseous in all cases. The Tiger 
Moth is probably an exception, for the caterpillar may 
be defended by its hairs instead of by taste, and the 
chrysalis seems to be palatable. The Leopard Moth 
(Zeuzera cesculi) is another exception. Such cases are 
probably very rare, and it is clear that this method of 
defence, among Lepidoptera, nearly always arose in 
the larval stage. The larval stage is exposed to more 
danger and is more helpless than any other: the 
imago can escape by flight, and the pupa, if exposed, 
may render its Protective Eesemblance complete by 
entire quiescence, and it is usually effectually protected 
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in other ways. But the larva must feed, and at tin* 
samo time in sluggish In its movements, 
and when palatable in more relished limn tiny other 
stage, for it does not possess tin* hard investment of 
the one or the scaly covering of tho other. Hein e it 
in that the great needs of the larva linvo hreii ho fre¬ 
quently met in this way; hut ns mum ns tho nil* 
pleasant quality has appeared it will tm«l in pass on 
by simple continuity into tho oilier stages. If these 
latter are hard pressed, there is alwaya the possibility 
that such qualities may ho made tho start ing'point of 
a similar method of defence for them also. Hut the 
disagreeable properties may nbo pans on into hinges 
which hold their own mtmimfitlly hy « In borate itml 
perfect Protective It* Hembiaum*, and tin n mob 
ties, unattended by Warning Colours* are entirely tm-* - 
less to the stage, hut limy be important as n lafint 
possibility for the future. If nn§s4 lie remetiiliercd 
that an unpleasant attribute inn,4 always upp< »n in 
advance of the warning rolfinriiig. An example m 
afforded by the Buff-tip Moth {!*$!** m Umphuhtj^ 
which in beautifully protected, during real, by r»>nto 
Ming a piece of rotten lidnm-covered stick o*ee page 
57), but which nevertheless retains Miiuetliiiig of the 
unpleasant taste by which its caterpillar m effectually 
protected. 
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The metallic appearance of certain pap® may be of 
value at a warning 

At this point it is of interest to consider tin* cases 
in which tint metallic appearance of a chrysalis may 
uet as a warning. pr. Fritz Midler tells me that the 
hriiliant metallic! pupa! of the Booth American butter¬ 
fly, Murhunithi iifminnht, hung in groups from the 
leaves of their food-plant (Solmann). The butterfly of 
this species is certainly distasteful, for the genus is 
mimicked hv butterflies of other families. This fact, 
and the gregarious habit of the pujue, render it nearly 
certain that the glittering appearance has a warning 
significance. The saute is probably true of the pupa 
of the abundant Indian butterfly (ttuptmt core), which 
Mr. 15. A. Minchiii tells me possesses a brilliant silvery 
appearance, und is so conspicuous that it can he seen 
from a great distance. This butterfly also belongs to 
a group protected by an unpleasant taste or smell, 
and there is little doubt that the metallic appearance 
of the pupa has a warning meaning. 

Warning Colours in other orders of Ineeote 

Passing now to the other orders of insects, highly 
conspicuous and abundant beetles (Coleoptom), suelr 
as the black and red ‘ soldiers and sailors’ f'/V/r- 
phnrm), the red and black ladybirds (t'otvindht), and 
the rod and blue-black Chryttomda poptdi, have been 
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shown to be extremely nauseous, and the two latter 
emit a very unpleasant smell. 

The sting possessed by the females of so many 
Hymenoptera is obviously an unpleasant attribute, 
rendering the insect disagreeable or even dangerous to 
eat. We find accordingly that stinging insects are 
often rendered conspicuous by warning colours, of 
which the contrasted dark and yellow bands of the 
Common Wasp, the Hornet, and of many Humble 
Bees, furnish examples. 

Warning Colours are also to be found in other 
orders, but it is unnecessary to give further examples. 
They will be recognised in numbers in any country 
walk during the summer, although the experimental 
proof of the co-existence of some unpleasant attribute 
is still wanting in a large proportion of the cases. 

Warning Colours can only be safely adopted by a small 
proportion of the Insects in any country 

The acquisition of an unpleasant taste or smell, 
together with a conspicuous appearance, is so simple 
a mode of protection, and yet apparently so absolutely 
complete, that it seems remarkable that more species 
have not availed themselves of it. What can be the 
principle which works in antagonism to such a mode 
of protection? Thinking over this subject, as the 
result of a lecture upon the facts and conclusions 
already described, 1 it appeared probable that such an 
1 Delivered at the Eoyal Institution in the spring of 1886. 
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antagonistic principle would be found in thn too com¬ 
plete hiiw'SH of tin* method itself. If u very eoimnon 
insect, forming the chief food of some itnimul, gained 
protection in IIiIk \vny, tin* latter might bo forced to 
devour the unpalatable food in order to avoid sturva* 
tion. And the untue result might readily In* brought 
alsntt if u rniren and hard-pressed form adopted the 
same line, and lu'eame dominant, after misting many 
species which were important as food, ff onen an 
insect-eating speeieH were driven to oat any such 
insect in spite of the unpleasant taste, it would gradu¬ 
ally come to devour it with relish, and the insect 
would be in great danger of exterminate, n, because 
of its conspicuous* appearance. 

If this reasoning be correct, it is clear that tho 
mode of defence is by no means perfect, and that it 
depends for its hucccsh u]ton the existence of relatively 
abundant jailatablc forms ; in other words, its employ¬ 
ment must he strictly limited. 


Absence of Warning Colours in the seasons when 
Insect life is scarce 

A very interesting fact in supjjort of this argument 
is the entire disappearance of all insects with Warning 
Colours during tin* seasons whe n insect life is scarce, 
and when insect-eating animals aro hard pressed for 
food. And yet, if it were safe to rely on such a mode 
of defence, the Warning Colours would lie especially 

H 2 
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conspicuous at these times, when all the tints of nature 
are sombre and form a background against which the 
Warning Colours would stand out in startling contrast. 
Certain species, which are defended in this way, pass 
the winter in the brightly coloured stage of metamor¬ 
phosis ; but they conceal themselves as completely as 
possible under loose bark or among dead leaves, &c. 
This is true of the common ladybird, and I have 
noticed that they begin to hide comparatively early in 
the autumn, when the insects are rapidly diminishing 
in numbers, but before the beginning of the cold 
weather. It is therefore probable that they hide in 
order to conceal their bright colours and not to escape 
the cold. It is also known that ladybirds are eaten 
by the Green Tree frog in winter, when other insect 
food is scarce, and also by hungry birds, although 
they are intensely disliked and are refused (at any rate 
by the frogs) if other food can be obtained. 

Experimental proof that Insect-eating animals, if 
hungry, will eat unpalatable species 

This conclusion was tested as completely as pos¬ 
sible by offering conspicuous unpalatable insects of 
many species to animals from which all other food 
was withheld. Under these circumstances the insects 
were eaten, although often after many attempts, and 
evidently with the most intense disgust. 
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Natural selection has enabled certain animals to eat 
unpalatable Insects with apparent relish 

Naturalists have always recognised that an insect 
may be distasteful to one animal, but palatable to 
another. It is, however, very probable that these 
differences have been acquired comparatively recently, 
and have arisen out of the competition for food. In 
most cases the change of habit has not become so far 
confirmed that the previously distasteful food is eaten 
with avidity and pleasure. Again, when we find that 
the taste of an insect is recognised as nauseous by a 
standard wide enough to include mites and spiders as 
well as birds, lizards, and frogs, it appears probable 
that any difference of opinion is due to an altogether 
exceptional immunity conferred upon certain species' 
by natural selection. 

Nauseous qualities probably do not affect Insect 
parasites 

It is probable, however, that this argument does 
not apply to insect parasites, which are not in the 
position to gratify their tastes, but must make the 
best of the larva in which the parent has deposited 
her eggs. It is clear that even the most nauseous 
forms must suffer greatly from the attacks of enemies, 
for the average number of individuals in each species 
appears to remain constant. It is likely that the 



182 


TUB C0L0UK8 OV ANIMALS 


numbers are kept down by special liability to the 
attacks of insect paraKitcs, in one or more staged. 
Thus the larva of the Large (larilen White \l‘i> m 
bratutiw) is known to be nauseous, but the im¬ 
munity from attack which it enjoys by no means 
extends to its insect foes. In the autumn of 1HHM I 
collected some hundreds of these larvie in order to 
experiment upon tins colours of their pupa*. 1 ob¬ 
tained 10D pupiii, while 42-1 mature larvie died from 
the presence of the parasitic grubs of ichneumon flies. 


The likes and dislikes of Insect-eating' animals are 
purely relative 

It may be taken as proved that the contiinied 
spread of some distasteful form atid the cor rescind¬ 
ing diminution of edible species would lend to the 
former becoming the prey of iusect-eatmg aniituds; 
for a point would ultimately Is* mods d, us it was 
reached in many of my experiments, when hunger 
would become a stronger stimulus than those lesser 
prejudices in which a species can very well afford to 
indulge while palatable food is abundant. These pre¬ 
judices having been overcome in eonilnement, there i» 
nothing in the conditions of natural life whieh could 
prevent the same result from lieing reached, as doubt¬ 
less it has been reached again and again. The com¬ 
parison of all experiments of this kind ever made with 
insects will show that the likes and dislikes of insect- 
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eating animals are purely relative, and are manifested 
to a marked extent when they are offered a variety 
of insects, and when obviously nauseous species are 
excluded from the list. 

Butterflies and moths are freely eaten by lizards, 
but they are not enjoyed like houseflies or many cater¬ 
pillars. This is probably because the former are such 
dusty and unsatisfactory things to eat, with such a 
small proportion of body in which the nutriment and 
taste is contained, and so large an expanse of dry 
membranous wings with their scaly covering. In 
this respect butterflies contrast unfavourably with 
moths, and the latter are certainly greatly preferred by 
lizards and especially birds. The latter have special 
advantages in being able to pick off the wings before 
eating the body. 

In the excessive abundance of insect-eating ani¬ 
mals and the keen competition for food which takes 
place, we see the conditions which must render the 
acquisition of an unpleasant taste together with Warn¬ 
ing Colours an exceedingly hazardous mode of defence, 
if assumed by more than a small proportion of the 
insects of a country. For in so great a press of com¬ 
petition among the innumerable insect-eaters, we 
may feel sure that some at least would be sufficiently 
enterprising to make the best of food which at least 
has the advantage of being easily seen and caught. 

The great principle of Warning Colours has de¬ 
servedly taken a most important place among the 
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principles which deal with the inliniti jy complex and 
ever-changing relations which obtain between the 
most widely separated, no less than between the most 
closely allied, members of the organic kingdom. But, 
nevertheless, this prineiple curries with it. its own 
compensating principle, which will conic into opera¬ 
tion precisely as the former advances to the j*o.shr««ion 
of undue inlluence. 

The education of enemies assisted by the fact that 
Warning Colours and patterns often resemble each other 

It is probably unm cewary for the young bit et* 
eating nnimal aelually to make trial of ev< ry rpecii s 
of nauseous insect in its locality, in order to he 
equipped with an eflicient stock of c\pt rimer,. with 
which to conduct its Inter life, Kuril un < duration 
would Ik: somewhat dearly bought; it would b* un¬ 
pleasant to the insert-eater and destructive to the 
insect. Kincc, however, the same colours are em¬ 
ployed again and again by unpalatable or dangerous 
insects of very different groups, and since the path rns 
are also frequently repeated, it is obvious that a com¬ 
paratively few unpleasant esqierimreK would be suffi¬ 
cient to create a prejudice against any »»m < t with n 
colour or pattern at all resembling the nauseous forms 
which had already produced w> deep an impr* H-imi 
upon the memory. 

This conclusion was drawn from the careful com¬ 
parison of the colours and patterns of alt insects which 
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Some of the advantages of true mimicry (to be 
more fully described below) also follow, when a group 
of insects is rendered conspicuous by the same 
colours and patterns, and when certain members of 
the group are noted for the possession of especially 
unpleasant attributes. Thus it is more than probable 
that the species marked by alternate rings of black 
and yellow (including the chrysalis of the Magpie 
Moth and the caterpillar of the Cinnabar Moth), gain 
considerable advantages from the justly respected 
appearance of Hornets and Wasps. It must not be 
forgotten, however, that the latter also are t probably 
benefited, although to a much smaller extent, by the 
greater publicity which follows from the resemblance. 

The causes which have determined the resemblance 
between Warning' Colours in different Insects 

Hence the causes which determine the frequent 
repetition of the same colours and markings in dis¬ 
tasteful forms are as follows: (1) The fact that a 
limited number of colours and patterns are especially 
efficient in attracting the attention of enemies, and in 
thus facilitating their education; (2) the fact that 
the education of enemies is also rendered easy by 
requiring them to learn only a small number of pat¬ 
terns and colours ; (3) the great additional advantage 
conferred by trading upon the reputation of a well- 
known and much-feared or much-disliked insect. 
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The warning appearance acquired by any insect is 
also largely determined by the character of its previous 
appearance, which formed the material upon which 
at any rate the first steps of the change were built. 

In some cases we can successfully read the history 
•of past changes, and can point to certain parts of a 
warning appearance which are remnants of a previous 
mode of defence by means of Protective Eesemblance. 

Thus the orange rings of 
Cinnabar Moth harmonise 
well with the flowers of its 
food - plant, ragwort. 1 The 
acquisition, or perhaps only 
the greater prominence, of 
the strongly contrasted black 
bands, and above all, the 
gregarious habits, are the 
later developments which have 
followed the acquisition of an 
unpleasant taste. Again, the 
caterpillars of the Mullein 
Moth (Gucullia verbasci), which 
are so abundant and con¬ 
spicuous on various species of 
Mullein ( Verbascim), are even 
now difficult to detect when 
resting among the dark and 
yellow sessile flowers studded upon the surface of the 

1 First noticed by T.. W. Wood: Insects in Disguise, Student, 
1868. 


the caterpillar of the 



Pig-. 46.— Two larvae of Mullein 
Moth (CuculUa verbasci) on 
the spike of the Mullein; small 
in last stage; natural size. 
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thick green spike (see fig. 46). 1 The conspicuous 
appearance chiefly depends upon the gregarious 
habits, and upon the fact that the larvae com¬ 
monly rest on the upper surface of the large leaves, 
which form a background against which the larval 



colours stand out with startling distinctness (see fig. 
47). It has been proved that these larvae possess an 
unpleasant although not an extremely nauseous taste, 
so that here also we have evidence that the change 
from a palatable well-concealed form is only recent 
and is as yet incomplete. 


1 This observation was communicated to Professor Meldola by 
Mr. Thomas Eedle. 
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CHAPTER XI 

WARNING COLOURS {continued) 

Sexual colouring may be made use of for warning 
purposes 

In addition to the inodes of producing a warning 
pearance which we have hitherto considered, and 
uich are almost universal in this country, there is 
tother method which is very conspicuous in the 
Dpics. In certain groups of mature insects, and 
pecially in butterflies, the beautiful colours and 
i/tterns which have been produced by courtship, 
>pear to have been made use of as an indication of 
me unpleasant quality. 

Hie differences between Sexual and Warning Colours 

The tints used in and produced by courtship are 
3 a rule easily distinguished from Warning Colours, 
r&n when both occur in sexually mature insects, 
lie former rarely usurp the whole surface of an in¬ 
let, and they are carefully concealed during repose, 
hue the upper sides of the upper wings of most 
xoths, and the under sides of both wings in butter- 
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flies, are generally protectively coloured, and hide the 
bright colours of other purls when the* insect i« at 
rent. If the parts exposed during rent art? ctuispicii- 
ously coloured it is (dear that they chiefly jwihhchh ii 
warning Hignilieance. I my * chie fly/ lirniiise it hi 
probable that the appearance of tin* mature iiidhidtiftltt 
of any aperies, however niueli it may he *|n mlbed for 
other ends, posHChHcn a sexual significance* and appeals 
as an adornment to the modified taste of the individuals 
of the same species* We have a rough crib riou of 
the extent to whirh the taste has In eu d when 

we compare flu* appearances which have other addi¬ 
tional meanings with those which posM^s n 
value alone, and which me concealed *xeept during 
(light and are especially display* d in court 4iip, 
Warning Colours nre also displayed during tin slug¬ 
gish flight of a nauseous spi vm u hut the insects will* 
purely oriiiimeiitsil colours are swift and wary when 
upon the wing. 

But finite apart from these eontud* rations, the 
Warning Colours can he distinguished by tin Hiltordi* 
nation of overy other feature to that of conspicuous- 
ness. Crude* patterns mid startling strongly contrasted 
colours are eminently characteristic of a warning 
appearance, while the colours and patterns product d 
hy courtship include everything flint h inonf firiiiitifui 
in insects. The two kinds of appearance diftt r m an 
advertisement differs from a beautiful picture; tile 
one attracts attention, the other excites mhuimthm* 
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The transition from Sexual to Warning Colours 

The two groups nevertheless run into each other, 
and a beautiful transition is afforded by the insects 
in which sexually produced colours and patterns are 
made use of for warning purposes. When this is the 
case the colours spread on to the parts which are ex¬ 
posed during rest, and the flight becomes sluggish, so 
that they are displayed as completely as possible. 
These are the insects which are the principal models 
of mimicry in tropical countries, and Bates’s classical 
paper, in which an intelligible theory of mimicry was 
first brought forward, deals with the groups which are 
found in the Amazon valley, and with the forms which 
resemble them and share the advantages conferred by 
their well* known and nauseous qualities. The evi¬ 
dence for the existence of such qualities is better 
considered under the next heading, viz. Mimicry. 

Resemblance between suck Warning Colours in different 
species 

The members of each of these groups resemble one 
another to a marked extent; far more so than the 
species of other groups without Warning Colours. 
Thus the advantage of facilitating the education of 
enemies is gained by them, although it has arisen in a 
manner different from that already described in other 
unpalatable insects (see pp. 184-86). 
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The similarity has arisen from the fact that the 
species in each group are closely related, so that 
natural selection has maintained an initial resem¬ 
blance, instead of causing convergence, as it has done 
with more distantly related species. Plence repetition 
of the same appearance may be produced by a pre¬ 
vented divergence, as in these cases, or by the actual 
convergence of forms originally unlike, as in the former 
cases. 

The convergent forms are more perfectly con¬ 
spicuous, more ideally warning, because they have 
been further modified from their original appearance; 
while the forms in which divergence has been arrested 
have merely adopted, with comparatively slight modi¬ 
fication, an appearance which was produced by the 
operation of other principles, but which is sufficiently 
well known for the purpose. 

These interesting conclusions have gradually grown 
out of the observations of many naturalists. 

The arrested divergence, sometimes aided by actual 
convergence, has produced such remarkable resem¬ 
blances between certain species of unpalatable insects, 
that Bates speaks of the wonderful fact that such 
species mimic each other. Wallace at first looked 
upon these mysterious resemblances as due to some 
unknown cause connected with locality, for the 
similar species are nearly always found together. 

The difficulty was at length explained by Fritz 
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Muller. 1 This eminent naturalist suggested that both 
species were benefited by the resemblance, because 
the number of individuals which must be sacrificed to 
the inexperience of young birds and other enemies 
would be made up by both of them instead of by each 
independently. This fruitful suggestion was at once 
accepted by Wallace. 2 The mathematical aspects of 
the subject were accurately worked out by Mr. Blakis- 
ton and Mr. Alexander, of Tokio, Japan. 3 

The next step was taken by Professor Meldola, 4 
who extended Fritz Muller’s explanation of these 
comparatively rare cases of close resemblance, to the 
general similarity which obtains throughout whole 
groups of unpalatable and conspicuous species. * The 
prevalence of one type of marking and colouring 
throughout immense numbers of species in protected 
groups, such as the tawny species of Danais , the 
barred Heliconias , the blue-black Ev/plceas , and the 
fibrous Acrceas, is perfectly intelligible in the light of 
the new hypothesis.’ 

This list comprises the whole of the large groups 
of butterflies alluded to in the last few pages. The 
species belonging to them are very familiar in every 
collection of tropical butterflies, while some of them 
are even abundant in temperate climates. Until re- 

1 Ituna and Thyridia, Kosmos , May 1879, p. 100, translated by 
Meldola, JProc . Ent . Soc, Lond. 1879, p. xx. 

2 Nature , vol. xxvi. p. 86. 

3 Ibid,, vol. xxix. p. 405. 

4 Ann, and Mag . Nat. Hist. December 1882. 


O 
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cently, the British butterflies did not include an ex¬ 
ample, hut a large and handsome American 1 humid 
(Dnnctis arehippwt) Keeins to he gradually extending 
its range into every country where the food»plantn 
(Asclapiadn) of its larva are to ho found, Several 
individuals have been caught in this country of lute 



Fin, 4 ^,-“T!ii 4 North Aitiwlritn /*»* w#* whfc’U hm n*»w ^prm4 iul*t 

tliin m wintry ; ii|»|»cr *1*1** ; hmt tmlnm\ 4m 
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44m *4 1 Ii#t whip*, 

years, and there is no doubt that it will thoroughly 
establish itself if it can meet with a sufficient supply 
of larval food, and can withstand the* ceaseless energy 
of collectors. It is far larger than any of onr native 
butterflies. It is shown half the natural sisw* in 
fig. 48, while fig. 43 gives the apjiearanee of the 
under side. The latter figure shows that the insaet 
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t be as conspicuous at rest as it is on the wing, 
ict which is characteristic of those groups of 
erflies which are specially defended by being un¬ 
table. In North America Danais archippus is 
licked by Limenitis misippus, a butterfly belonging 
very different group. 

Although the general resemblance between the 
ies in each of these groups is doubtless due to 
sted divergence, there is one very interesting 
■which is probably to be explained by convergence 
foups which were formerly unlike. The Danaids, 
ih are found in the same localities as the Heli¬ 
os of tropical America, have taken the peculiar 
jarance of the latter, in the arrangement of the 
urs, and in the long narrow form of the wings, 
se Heliconoid Danaids are therefore distinguished 
1 all the other members of the group. It is quite 
ons that both HeUconias and Danaids are benefited 
ae fact that the insect-eating animals of the region 
• inhabit have to learn but a single mode of flig ht, 
>e of wing, and general arrangement of colours. 
Although these resemblances, produced by conver¬ 
se or by arrested divergence, are transitional into 
often contain an element of true Mimicry, they 
t be distinguished from the latter. In true 
fiery, the mimicking species are without unplea- 
attributes, and are sheltered under the reputation 
abundant and well-known forms in which such 
.butes are strongly marked. In the resemblances 
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considered here, all the similar forms possess unplea¬ 
sant attributes although they may possess them in 
different degrees. 

The remarkable likeness between many of the 
species of Burnet Moths (Zygsenidae) is probably due 
to arrested divergence. They are all conspicuous 
black and red moths, and some of them are known 
to be nauseous. 

The unpleasant qualities may he concentrated in special 
parts, which are so placed and coloured as to attract 
the attention of enemies 

In certain cases the warning appearance is of a 
different kind. The organism possesses a highly 
conspicuous feature to which the attention of an 
enemy is directed; if seized, the structure breaks off 
without harm to the animal, but with very unpleasant 
results to the enemy. It is probable, that this method 
of defence will be found to be wide-spread. 


The defensive value of ‘ tussocks ’ 

Only recently, in the summer of 1887, this ex¬ 
planation of the beautiful flat-topped tufts of fine 
hairs, called ‘tussocks/ which occur on certain cater¬ 
pillars, was shown to me by the results of an experi¬ 
ment. 1 The tufts are often light-coloured, and are 

1 Trans. Ent. Soc. Loncl, 1888, pp. 589-91. 
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generally placed on an intensely black ground colour, 
which shows them up and makes them appear to 
project more than is actually the case. In the well- 
known ‘Hop-dog’ or ‘Tussock’ caterpillar (Orgyia 
qntdibunda) there are four ‘ tussocks,’ each upon a 
separate ring, and the furrows between these rings 
are of the most intense velvety black. They are con¬ 
cealed until the caterpillar is irritated, when the body 
is curved in a vertical direction, so that the ‘ tussocks ’ 
diverge, and the furrows appear as black semilunar 
areas separating them and rendering them con¬ 
spicuous. The hairs of the ‘ tussocks ’ are so fine and 
so closely packed that the tuft does not appear to be 
made up of hairs at all, but to be rather a fleshy pro¬ 
jection from the back of the caterpillar, and a most 
convenient part for an enemy to seize. Fine as the 
hairs are, they nevertheless bristle with minute lateral 
branches, and would certainly be most unpleasant if 
brought into contact with the skin of the mouth. If 
seized by an enemy, the fine hairs come out in im¬ 
mense numbers, and produce such an effect upon 
the skin of the mouth that the caterpillar escapes 
unhurt. 

The following experiment suggested the explanation 
which has just been given. A caterpillar of the 
Common Yapourer Moth (Orgyia antiqua) was intro¬ 
duced into a lizard’s cage, and when attacked, instantly 
assumed the defensive attitude, with the head tucked 
in and the ‘ tussocks ’ separated and rendered as 
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prominent uh possible. An unwary lizard seized the 
apparently convenient projection ; most of the ‘ tus¬ 
sock ’ came out in its mouth, and tlm caterpillar was 
not troubled further. The lizard spent a long and 
evidently most uncomfortulde time in trying to Ret rid 
of its mouthful of hairs. 

On another occasion a full-grown * Hop-dog ’ was 
offered to a hungry adult !>'«’ rf*i > huli», hut the 
lizard knew the danger, and kept trying to iiud c«»im- 
part of the body whieb coiilrl be eafdv wiz< d. 1 he 
caterpillar remained motionless in the defensive 
attitude during the whole attack, which i-e-b d several 
mimtteH. In this attitude the * f iisom-},.,' n. re laid 
in the most tempting manner, while all otter parts «»f 
the hoily bristled with -harp stiff sjiim Thin cv 
perioneed lizard finally seized the hack of the larva 
a long way behind the * tussocks,' evidently looking 
upon the bristles as the lesser evil. Although Killed 
the caterpillar was not swallowed, and it had only been 
seized after many attempts and the closest examina¬ 
tion. It is quite dear that lint hairy covering would 
have waved it from any except a very hungry em-my. 

Evidence that Insect-eating Animals learn by experience 

When wo compare the behaviour of these two 
lizards we find strong evidence for the opinion that 
insect-eating animals learn by exjs-rit nee. J have, 
however, come across inure direet and convincing 
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proofs of this conclusion. Thus, the chamaeleon which 
has been previously referred to had just been imported 
into this country when I received it, and it had probably 
never seen a common hive-bee in its life. I put a living 
bee in the cage, and the lizard immediately began to 
watch it, and, as soon as it had settled, captured it 
with a dexterous shot of its long tongue. As the 
tongue was being withdrawn with the bee adhering to 
the sticky pad at its extremity, the chamaeleon was 
stung and immediately showed signs of discomfort, 
throwing its head from side to side, and thus jerking 
the bee off. For ‘many months after this I put 
bees into the cage at irregular intervals; but the 
chamaeleon’s education in this direction was complete, 
the single experience was sufficient, and no other bee 
was touched. 


Similar highly-coloured and specially defended features 
occur in certain Marine Animals 

A very similar example from an entirely different 
group of animtls has been recently brought forward 
independently by Professor W. A. Herdman 1 and Mr. 
Garstang. These naturalists suggest that the brightly- 
coloured dorsal papillae of Eolids (Nudibranchiate 
gastropods) have the same meaning as the ‘ tussocks ’ 
of Orgyia , being far more conspicuous than the rest 
of the body, easily detached, and often reproduced by 
1 Report of British Association at Newcastle, 1889. 
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growth in two or three days. Tlt«* nematocysts at the 
tips of the papilla; would convey a lesson to the enemy 
similar to that taught by the line hairs of the * tussocks. ’ 

Mr. Gars tang has now tested this suggestion hy 
experiment, and he finds that fish will not attack the 
Eolids under normal conditions. He therefore threw 
one of them (the orange variety of ('nrulmt Farmni) 
into the tank containing young pollack (Uwltm pnlha- 
china), which generally swallow any object while it is 
descending to tin; bottom. The Kolid wio swallow* d 
and rejected after a second or two by two tilth, which 
then shook their heads as if expt liciieing discomfort. 
Similar movements were made when the (Ms were 
induced to seize the sjierisilly defended t< ntm 1> „ id ? ,t*a- 
anemones, and when they attempt) d to swallow tin 
Polyeirrn*, described tm j». ‘201. Mr. Gun-fang tln ii 
found that the Kolid causes a distinct, though faint, 
tingling sensation when plaei d on the tongue; while 
larger species (Fmrlhia m nwibi and K»lk AM> rt) 
produce much more marked effects. 

The protectively coloured Opistlmbniueh, lUrmwi 
(see p. 70), has well-developed dufcnMV) papilla*, 
and Mr. Garstang finds that whenev* r a shadow* 
passes over it, the head is at ojic« retracted, and tli* 
papilla; rendered very prominent. This hthavimir i* 
exactly similar to that described in tin; larva* of t try yin 
(see pp. 107-!W). Tla* reaction under tin* stimulus 
of light is associated with the unusually large eyes of 
the genus. 
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Mr. Garstang has still more recently come across 
an instance of the same kind in a bright red marine 
■worm, one of the Terebellidce (Polycirrus au/rantiacus ), 
which, unlike the rest of its family, has dispensed 
with the protection of a tube, and creeps about in the 
crevices of stones and among the roots of Laminaria . 
It has an immense number of long, slender tentacles, 
and when touched, coils itself up in the middle of them. 
The tentacles break off very easily, and evidently possess 
some unpleasant attribute. When the animal is irri¬ 
tated the tentacles become brilliantly phosphorescent, 
so that they are conspicuous by night as well as day. 
Mr. Garstang obtained experimental evidence of the 
validity of this interpretation. He placed a specimen in 
one of the fish-tanks in the Plymouth Laboratory: only 
one pollack ventured to seize the worm, but ejected it 
immediately, and would not touch it again. Another 
fish made three vigorous attempts to swallow it, but 
finally left it. Another, a very voracious rock-fish, ac¬ 
tually swallowed it, but immediately afterwards began 
to work its jaws about as if experiencing discomfort. 
Mr. Garstang then cut the head and tentacles away from 
the body and threw both pieces into the pollack tank: 
the tentacles were untouched, but a fight took place 
over the body, which was torn into several pieces and 
swallowed with great relish. Mr. Garstang has kindly 
allowed me to describe these interesting experiments, 
which have only just been made, and have not, as 
yet, been published elsewhere. 
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Adventitious warning colour* 

Under thin head we may include n few very in¬ 
teresting earns in which palatable aiiiiniik make uny 
of others which are specially defended and rntiHpictintm 
in order to gain protection, Hindi n method of defence 
bears the same relation to Warning Colours iim tin* 
examples of Adventitious Protection and Colouring 
hear to true Protective IteHemblnncc (see pp. 7 b HO), 

A mollusc which encourage* n dense growth of 
algie upon its shell is defended by Adventitious Pro¬ 
tective ItcKcmbhince; if, however, the algje were 
brilliantly coloured and imuhtmua or poisonous, the 
example would full under Adventitious Wurning 
Colouration. 

ProfoHHor ItomanuH 1 bring* forward example* of » 

most interesting iissocinfiuii of mibs with ***a» 

anemones, fie quotes from Mobile ; tbr r* mmlmhle 
ease of 1 two crabs belonging to different y* iimt which 
have the habit of firmly gmsping n sntumeiaotie in 
each claw, ami carrying fhem iiboiit; * nbo from p, fL 
the fact that when the seumnnnune < hlnm»M 
pallia fa) is removed from its position iijmhi flu shell 
of the hermit rath {Vatjnrn# l*mfrmuhf f a inch in¬ 
variably carries it, the. crub ‘always took it up in 

1 Animal JnUUkj*nrt\ Inb-rnkUmml Hwnv# h* %%* «», |*|« #), 

s mr J trtrwfauw fhr hml Mmmtkm. 

1 tfmiwjkf, itum: j#|»« <$*0 
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its claws and held it against the shell “ for the space 
of ten minutes at a time, until fairly attached by a 
good strong base.” ’ This fact seems to indicate that 
the crab detaches and refixes its anemone when it 
changes its shell in the course of growth. Romanes, 
however, quotes from Dr. R. Ball 1 the statement ‘ that 
when the common Sagartia parasitica is attached to a 
stone, and a hermit crab is placed in its vicinity, the 
anemone will leave the stone and attach itself to the 
hermit’s shell.’ 

Mr. Garstang tells me that at Plymouth there are 
two species of hermit crab associated with two distinct 
species of anemone: the Pagurus&nd Actinia mentioned 
on p. 202, and P. bernhardus , which bears Adamsia 
Rondeletii . He finds that hermit crabs are eaten with 
great relish by fish; they are, in fact, much used as 
bait by fishermen. Hence the association with the 
inedible Actinians must be of great service. When 
the hermit crabs are young and small they are obliged 
to live in shells without anemones, and Mr. Garstang 
has often found them, shells and all, in the stomachs 
of gurnards and other fish. He has never found the 
larger crabs with shells suited for Actinians in the 
stomachs of fish. 

Another hermit crab at Plymouth ( Pagurus cm - 
nensis) is always found in shells covered with a bright 
orange-red sponge (Suberites domwricula) . Mr. Gar¬ 
stang finds that sponges are intensely disliked by fish; 


Critic , March 24, 1860. 
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the smell alone is generally sufficient to repel them. 
Many Crustacea are known to live in the canal systems 
of sponges, and are thus protected. The significance 
of this association is to be found in the fact that 
Crustacea are the animals most relished and sought 
after by fishes, and that sponges are extremely re¬ 
pugnant to the latter. 

Such cases as these are some indication of the 
severity of the struggle for existence among marine 
forms of life. Very interesting evidence of this is to 
be found in Bateson's notes on the protective habits 
of shrimps and prawns. 1 He states that the wrasse 
will find a shrimp if the least bit be exposed, in spite 
of its protective colouration. If, however, * the sand be 
fine, a shrimp will bury itself absolutely.' We can 
well understand the immense advantage which would 
be gained by a much persecuted crustacean if it 
associated with some animal repugnant to its foes. 


Colours and markings which direct the attention of an 
enemy to some non-vital part, but which are not 
attended by unpleasant qualities 

From cases such as those which have been just 
described we pass, by a very natural transition, to 
colours and markings which attract the attention 
of an enemy to some non-vital part after the animal 

1 Joivm. Mar. Biol. Ass., New Series, vol. i. no. 2, Oct. 1889, pp. 
211 et se%. 
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has been discovered. The part seized by the enemy 
breaks away, and thus gives the animal another chance 
of escape. The cases differ, however, from the pre¬ 
ceding ones in that the enemy is in no way injured 
by its mistake. In correspondence with this difference 
such features are associated with Protective Resem¬ 
blances leading to concealment, and are not them¬ 
selves highly conspicuous, or are only conspicuous 
when the animal is thoroughly on the alert. The 
object of these characters is to direct attack to some 
unimportant part after all other methods of defence 
have failed, after disguise has been penetrated or 
speed surpassed. 

This is probably one of the meanings of the 
brightly-coloured wings of butterflies, in addition to 
their more obvious use in courtship. When the insect 
is flying they form a conspicuous mark easily seized 
by an enemy, and yet readily tearing without much 
injury to the insect. On this account we generally 
find the wings torn and notched when an insect has 
been long on the wing. 

In the spring of 1888 I caught a large number of 
Clouded Yellow Butterflies (Oolias edusa ) in Madeira. 
The limited number of species in the island (there 
are only about a dozen), and the abundance of 
small omnivorous lizards and of insect-eating birds, 
lead to the keenest pursuit of the butterflies, and I 
noticed that the hind wings of a considerable pro¬ 
portion of the Clouded Yellows were notched just 
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behind the body. The notches generally corresponded 
on both hind wings, the insect having been seized at 
the instant when the wings came together in flight, 
or during one of its short pauses upon a flower. Prom 
the position of the injury it is clear that the enemies 
were aware of the situation of the body and attempted 
to seize it, but that they had been frustrated by the 
swift and wary butterfly with its bright yellow wings 
extending behind the short body, and offering an 
apparently convenient point for seizure. 1 

The bright yellow black-bordered under wings of 
the moths of the genus TrypJuzna (Yellow Underwings) 
also possess this among their other meanings, as Mr. 
Jenner Weir has pointed out: they are exposed during 
flight, and their colours are far brighter than any other 
part of the insect. It is also very common to find the 
margin of these wings notched in captured specimens, 
and this is often the case when all other parts are fresh 
and perfect. The red and black under wings of the 
genus Catocala (including the Bed* and Crimson 
Underwings) are perhaps useful in the same way. 

A still more interesting and obvious character of 
this kind is to be found in markings which actually 
suggest the presence of a vital part, such as an enemy 
would be likely to seize. On one occasion I intro- 

1 Skertchly has found such mutilations not uncommon among 
Bornean butterflies : he also notices the correspondence of the injury 
on the two sides. The wings are not torn in this way by flying 
through thick branches ; Skertchly states that even the most fragile 
butterflies can pass unharmed through dense undergrowth. 
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duced a Small Heath Butterfly (Coenonympha pam- 
philus) into a lizard’s cage. It was at once obvious 
that the lizard was greatly interested in the large eye¬ 
like mark on the under side of the fore wing: it 
examined this mark intently, and several times at¬ 
tempted to seize the butterfly at this spot. The 
observation seems to point to, at any rate, one use of 
the eye-like markings which are common . on the 
under sides of the wings of butterflies. 

A very perfect and elaborate example of the same 
kind is witnessed in the Hairstreak Butterflies (Thecla ). 
Each hind wing in these butterflies is furnished with 
a c tail,’ which in certain species is long, thin, and 
apparently knobbed at the end. When the butterfly 
is resting on a flower the wings are closed and the 
hind wings are kept in constant motion, so that the 

* tails ’ continually pass and re-pass each other. This 
movement, together with their appearance, causes the 

* tails ’ to bear the strongest likeness to the antennae 
of a butterfly; the real antennae being held so as not 
to attract attention. .Close to the base of the supposed 
antennae an eye-like mark, in the most appropriate 
position, exists in many species. The effect of the 
marking and movement is to produce the deceptive 
appearance of a head at the wrong end of the body . 
The body is short and does not extend as far as the 
supposed head, so that the insect is uninjured when 
it is seized. 

This interesting fact of the resemblance of the 
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tails and adjacent parts to a head in Theda has been 
long known: it was first observed by Dr. Arnold in 
the case of a foreign species (Theda Iarbas), and was 
confirmed by Dr. Forsstrona in other species. The 
fact is quoted by Kirby and Spence under * Means of 
Defence of Insects/ but the interpretation offered, that 
the insects ‘perhaps thus perplex or alarm their 
assailants/ hardly expresses the true significance of 
the character. 1 

The same fact was independently discovered by 
Mr. R. C. L. Perkins in 1888, and this keen naturalist 
at once perceived the meaning of the character—to 
divert the attention of an enemy towards a non-vital 
part. The discovery is of especial interest because it 
was made upon an English species (Theda W-album ), 
and because Mr. Perkins tested his explanation by 
finding that this part had been torn in a considerable 
proportion of the butterflies. 

The observation renders it extremely probable 
that the slender ‘ tails ’ which occur in the same 
position in many * Blues ’ (Polyorrmatw), and the 
bright colours and eye-like spots which are often 
associated with them, have a similar meaning. The 
‘Blues/ when resting on a flower, have the same 
habit of moving the hind wings, as I have often ob¬ 
served in our common English species which are 
without ‘ tails.' The movement is such as would 
render the ‘ tails ’ prominent and antenna-like if 

1 Kirby and Sgmce, People’s Edition, 1867, p. 42S, 
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they were present ; ami it may, therefore, have per- 
ninted from ?i time when the butterflies possessed these 

iippemliigi'H. 

Similar features in Reptiles 

A similar interpretation applies to the* tails of 
lizards, which break off the instant an attempt in 
made to capture the animal by mazing thin part. The 
tail w, of course, the first part which the pursuer has 
the elmtiec of seizing. The great length of the tail, 
iiiifl tiiu rapidity with which it is renewed after being 
idled, nl ho support this interpretation. 

Similar feature* in Mammal* 

It k very jiiiiniiile that the well-known peculiarity 
of the tail of tin? donnouHt; m to he explained in the 
miiiif 8 manner. The largo bushy tail of the squirrel 
limy jkikhchh a similar meaning (among others), for an 
enemy In pursuit would lie liable to get only a mouthful 
of fur. In the north of Europe the squirrels which 
frequent the birches tire black, while those on the 
jura fi nvi brown : both varieties, which are probably 
prop ctlve, h* conn pr« f >ish in winter, and thus har¬ 
monise with the SVohImI bark. Bui the (ails of both 
main fheir /ainitiier colour, and would be thus more 
collide 11011%. Thin fuel wim pointed out to me by my 
friend Mr. IB IhiltVau',* 

1 COi ||#* fAh* * a **#« »4#4* * lirtiiA/# in flu fclunr of tht* tail 

P 
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Similar features in Mollusca 

Semper 1 has shown that certain freely exposed 
and active snails in the Philippines (Ilelicarion) have 
the same power of readily parting with their tails, 
and this is also true of a snail in the West Indies 
(, Stenopus ). The tail, or rather hinder part of the foot, 
which the animal sheds when it is seized and after¬ 
wards renews, is more conspicuous than the rest of the 
body. Semper found that the tails had been shed in 
about ten per cent, of the individuals of a species 
(Ilelicarion gutta) very common in the north-east of 
Luzon. 


Eecognition Markings 

A special kind of marking is often of great value 
in attracting the attention of individuals of the same 
species, instead of attracting the attention of enemies. 
Prom its obvious relation to the latter form of marking 
it is best included under the division of Warning 
Colours. Mr. A. E. Wallace has directed attention 
to the importance of Eecognition Markings, and an 
account of them will be found in his recently published 

seems to be not uncommon in certain localities in this country. The 
tail becomes cream-coloured at the end of summer, but resumes its 
ordinary appearance at the beginning of winter. Smaller differences 
appear to be general, the summer fur on the tail being coarser and 
more uniformly red than the winter fur.—Bell’s British Quadrupeds, 
2nd edition, p. 279. 

1 Semper: Animal Life , International Scientific Series, pp. 895 
et sea. 
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volume, * Darwinism ’ (pp. 217-27). 1 Buck characters 
may be of use in aiding a species to escapo from its 
enemies. Thus gregarious mammals,’* while they keep 
together, are generally safe from attack, hut a solitary 
straggler Itecomos an easy prey to the enemy; it is 
therefore of the highest importance that in such a 
case the wanderer should have every facility for dis¬ 
covering its companions with certainty at any distance 
within the range of vision ’ (lac. cit. p. 217). Kocog- 
nition Markings would he especially useful * at a dis¬ 
tance or during rapid motion in the dusk of twilight, 
or in partial cover.’ 

Recognition Harkings in Mammals 

A very beautiful and familiar illustration is given 
by Mr. Wallace - the while upturned tail of the rabbit, 
by which tire young and inexperienced, or the least 
wary individuals, tiro shown the way to the burrow by 
those in front, it is very interesting to compare this 
marking with that of the skunk, which has been al¬ 
ready di sced n d us poshes line a very conspicuous white 
tail, lit tie Dili* r case the tail is held so that the 
slow-moving animal in always conspicuous, and appeals 
to the imagination and memory of its enemies; the 
tail of the rabbit only becomes conspicuous when it is 
needed by other individuals of the same species, and 

* Tip' imnnpy of flmifinilkitt I * < #4 forth »t a w»rk hjr 

fh* life* Mini Tfltn* i'altmmlum m Anitmh ami Plant®, 

f». m 

i» *J 
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when the animal is already alarmed and in full retreat 
for a place of security. 

In this way Mr. Wallace explains the conspicuous 
markings often present on gregarious ruminants, 
which are nevertheless protectively coloured in other 
respects. The remarkable differences in the length 
and form of the horns of different species are explained 
in a similar manner. 


'Recognition Markings in Birds 

Mr. Wallace also shows that such characters are 
especially numerous and suggestive among birds. 
* Eecognition Marks during flight are very important 
for all birds which congregate in flocks or which 
migrate together; and it is essential that, while being 
as conspicuous as possible, the marks shall not inter¬ 
fere with the general protective tints of the species 
when at rest. Hence they usually consist of well- 
contrasted markings on the wings and tail, which are 
concealed during repose, but become fully visible 
when the bird takes flight 5 (loc. cit. p. 222). 


Recognition of Birds’ eggs may be aided by variation 
in certain species 

It is very probable that the great variation in the 
colours and markings of birds’ eggs, which are laid 
close together in immense numbers, may possess this 
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significance, enabling each bird to know its own eggs. 
I owe this suggestive interpretation to my friend 
Mr. Francis Gotch: it is greatly to be hoped that 
experimental confirmation may be forthcoming. The 
suggestion could be easily tested by altering the 
positions of the eggs and modifying their appearance 
by painting. Mr. Gotch’s hypothesis was framed 
after seeing a large number of the eggs of the guillemot 
in their natural surroundings. It appears to be a 
more feasible explanation than that offered by Mr. 
Wallace. * The wonderful range of colour and marking 
in the eggs of the guillemot may be imputed to the 
inaccessible rocks on which it breeds, giving it com¬ 
plete protection from enemies ’ (loc. cit. p« 214). 


Eecognition Markings in Insects 

Turning to insects, I do not believe with Mr. 
Wallace that colours and markings generally are to 
be explained in this way, although many instances 
of undoubted recognition characters will probably be 
found among them. In fact, a very interesting 
example only recently came before me. 

It has been already mentioned that Lepidopterous 
larvae are especially subject to the attacks of parasitic 
insects (Hymenoptera and Diptera), which lay their 
eggs in or upon them. It is of the highest importance 
for a parasite to know whether a larva is already 
‘ occupied/ and also to ensure that other parasites 
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shall recognise and avoid the larva* in which it haw 
laid its eggs. When tins eggs arc laid within the laxly 
of a caterpillar the skin in pierced, ami a small amount 
of Mood exudes and generally forms n Mack dot. 
These black spots are probably recognised by other 
parasites, and the larva is consequently avoided. 
Although the spots would disapjasar after a change of 
skin, the parasites generally lay their eggs at about 
the same period of larval growth, and would he 
warned over a considerable part of this jxriod. Al¬ 
though these are not, properly speaking, lb cognition 
Markings, we shall see that they form the foundation 
on which such characters have arisen. 

Other parasites {among the ilymenoptera), each as 
those of the genus I'uitim m, lay eggs upon tin body of 
their prey. The* eggs are penr-shitp« d, and are firmly 
fixed by the stalk, which is knobbed at the i ml. So 
tightly do tins eggs adhere t hat the caterpillar cj»j i change 
its skin without removing them (see pp. 27ft 77). 
Several eggs are fixed njtom a large caterpillar, two 
or three upon a small one, although the number varies 
greatly in different individuals. 

These external eggs are black and shining, and 
they are very conspicuous against the colour of the 
caterpillar, which is generally green. When Professor 
Weismann was staying with me in the summer of 
1887,1 showed him a larva of the Puss Moth {(‘mint 
rinula) to which several eggs were attached. This led 
to a discussion as to the meaning of the colour, in 
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the course of which we both independently arrived at 
the opinion that it is adapted to serve as a warning 
to other parasites that the larva is already f occupied. 5 
The eggs, being black, somewhat resemble the scars 
caused by the introduction of internal eggs, so that 
the species which deposit such eggs may be warned 
off, as well as those of the genus Pantscus. 
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t’HAI'TKIt XI1 

I'tSUTtirnVE MI St WHY 

"We now approach mm of the most interest in*' asjteetH 
of our subject, and one that has played nn import ant 
part in the history of evolution ami of natural 
selection. 

History of the subject 

The fact that certain buttcrtlie- h> loimne' to 
widely separate ‘il’oiije, Iml inhabit]!,** the i.-inm 
localities, poKsms the most ri nuu'kabb . Uji» rlicjai 
rest‘tnhlanee, has laen known for a an ]on;» tim« 
An interest int; quotation from I5oij,«l»\;tS%. * Sj« ri* ■» 
General des Lepidopjt n-a ’ tpp, it72, :t7ih i juu n by 
Mr. Holand Trimen at the howl of hi papt »• on 
Mimicry atnonj.f African butterflies.' lioi duval’* « »• 
tonce, written in IHitC, refer* to an African Hwallow- 
tailed Butterfly, which still ri mains the most r* mark¬ 
able instance of Mimicry known in the world: 
‘ C’est une chow? hien mmirijuabl* ijnr de \oi la nature 
er4er it cot*' les nun ties autre* 1" PiupHtm ,V««rle 

1 Hnr, Tram, *tvi, |i I 111, 
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JHmlnmi dubict, at le Pupil it t Wenlninamii, trois 
!a«pidoptiTeH qui Be rcHHcmblent presque completemcmt 
par le port, le deHsin, el In eouleur, quoique apparto- 
mint it di>H^i'nrf*Hfortrioi^!!i»H«*t do tribuH difErenton/ 

From iHHC, unci the even earlier dates at which 
them* remarkable r«»H<»mbItin<»cH had been noticed, 
until IB! hi, no attempt at explanation had been made ; 
hut in that year Mr. Batm/s classical paper appeared/ 
In tins admirable mu ay the author showed the advan¬ 
tage which must necessarily lx; gained by a palatable 
for in # hard pressed by enemies, if It sheltered itself 
under tin* reputation of some conspicuous species 
well known to be Inedible, 

Only three years before, Darwin, writing to 
Asa (#ruy, had said : * 1 cannot possibly believe that a 
fill hi* theory would explain ho many classes of facta as 
1 think it certainly floes explain. On these grounds 
I drop my anchor, and believe that the difficulties will 
slowly disappear/ s One great difficulty which had 
wo long ln-ieii n jumfc? to natumlihtH wan therefore 
witinfactorily explained by the new theory, within a 
Ew )tmm of Darwin'* prediction. 

If k iuo-4 delightful to rend of the Interest and 
eiifliiiHiii^in with which f! nliVa paper was received by 
Darwin. ‘In my opinion it is nim of tlm moat re¬ 
markable and admirable papers 1 ever read in my 

* # 'uhlnhv.u* m l<* «m iiiurf §\nm nf th** AmrdfimM I ‘utley, 
H**.\ Tram, vm ! %%m, 

1 f Mii! ¥r#l, ii, p t II?* 
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lift*/ In* writes, 1 1 am rejoiced tlm-t 1 passed over tlie 
wholes subject in the* 11 Origin/' for 1 should have made 
a precious mess of it. You have most rkiuiy stated 
and solved a most wonderful problem. Y tfitir paper 
is too good to In? largely appreciated liy tin* mob of 
naturalists without souls; 1»111 rely on it that it will 
have tmtimj value, and 1 cam I tally congratulate yon 
on your first grant work/ 1 This wits I Uirwii/s opinion 
of a theory which is often lightly criticised omnt con¬ 
demned by many biologists mint offer nothing in its 
place. 

The relation of the theory of Mimicry to Evolution 

Mr. Bates's paper afforded it twofold support fofSi* 
arguments in flic * Origin of Speed* ,*/ at n xt ry rriti* 
cal time in the history of fltewe opinion'*» lit tip* 
first place it hliom^rd Unit an important rln-> of fVN 
was unmiidligible upon any lite^ry ev*ept that of 
evolution. The proof of fl#i b Is ! give n in {Mr* 
win's own words, also ipioh d by Mr. Franck I farming 
1 By what means, it may ho ndn-d, S uor «o man) 
butterflies. of the Aiimsonmn ngion ;m<|?ur- d tlsir 
deceptive dressV Mont nnturalisis mill aiu-w* r that 
they were thus clothed from the hour of flair rival son 
—an answer which will g< uernlly hr >u far triumph* 
ant that it run In* met only by lonfpdmwn argil- 
mants; but it is made at the rsjtfittw- of putting nn 

* JAf» md L#!lrr* t till II. §*p, lil-fl* 

* lbkL„ ?ct! II, p|i, Jifft *M 
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efTiH'tual Imr to nil fur!ii 4 *r inquiry* In flitn |f;irfi«nilar 
tin rfi^inni t n ill iin/f vulh ji* rial 

illiliHllfl*; !»*r urtv;> nf ill* yutiui' r Miif’ f*#n#i» *4 
J 4 *pt*iih <mi Jin ? ii hy it yrnlnnf 4 «* ri» « to In 

tin n ly \;in* ft* - *4 nip \** *; ofi§H ■ m%* 

triiloiilni illy st§ Imrt *<}** nit % oi »rHt tli fiinl ipinun 
Ho styntti, Hirin# ni fin* mimic* io 4 forint* mtn l»* 4tmitt If* 
lir wiirly vjirMit n Imt fin* r*r«*ct!t r itiiiiil«r U 

rnitkwl nr iltfttiwt «ij» m * H* fnn tin tliJI 

IlllVif in i\m* “nJW * if fin * fnllll IpiU* in * nliir 

iniiHfttri l*y *$*» un • nf thi Uw * «<f mr'mlhm, *ilstt *4 

oth* m In* mu *t look *%< v * jarah h rr» at* 4 malt r 

tiii'ir jm'■* n* * ; !;•• v*atl fiiillnr hair in mltuit 
t!i?i* hav? h» - n ? rrgH^i in imitnfi^#t» uf fm nm 

fmf flitiii^lv * it»#i4 hh finite hilt <ttm 

to fin hiMu * ft \ m inf Inn * Prof.^m \?*a linhrft* 
ttinJ4fSiink imiiam* uf thi • 4$li4 nit;, ; f n Jm sb*l$*>M * 

flint in 4 «iih " n ?§4 t Is M»n«ly f hat llntf 

yrifiijiti uf ifnliii4tinh% flion^h h\* mmllv tin smir # 
nhrfi inSmhlfhn* 4 ,# * 1 t *j h inn* h< < a ill 

jmi nf«h t t* nh '1 hi 4*n |?f ? *k **' </» ij immh* i !-i Ijjf 

ftnnfn *»f * m 1 '4' t .N * v ^ itntnmlf f ni4 
i «4il* tit ^ tint n i»i iinlr, 

In ^ Ui u* i' r 4f i ^ n4 j» iinish* ?4iin44 fi i t? 

i ,a *' tin 4 if ; *r S| inn* | lllin In fbl f* 

rnrf 4* innn4 *4 ih* tn.n - 

Ihit i|fnM 4 ,* » pi-ill; iinjinmnn In 

4 | 4 ?< n\ *4 ' ** * 1 fr%\* / s M ; f 441* * f ? 4 < ^ 4 

Ifnfn# f /»*■ v J4* # |/' Hi I 
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another respect. It not only supported the doet rim* of 
evolution, lmt it afforded strong mnii nutation of the 
theory of natural selection, by whieh Darw in explained 
how it wan that evolution took plnee. I\\ ery step in 
the gradually increasing change of tin* niiinieking in 
the direction of Hpccially protected form, would have 
been an advantage in the struggle for existence, while 
the elements out of which the resemblance \vm built 
exist in the* individual variability of the species, a 
variability which i» hereditary. 

The transition from Warning to Mimetic appearance* 

It will have been observed that Mimicry has already 
beam mentioned in the pages on Warning (’olmtr,, mat 
that a gradual transition may be tiaeed from th»- <i»e 
principle tr* the other. And yet, Mimiery it s If was 
explained long liefore many of the eojirln<*i<iits con- 
eerning Warning Colours whieh have been dt scribed. 
In thin, tut in mi many other cases, the step* by which 
the subject is Itest approached are almost, exactly oppo¬ 
site to tho historical stops l»y whieh it wan gradually 
understood. 

The transition from warning to mimetic forms 
may he shortly recapitulated. 

1. The existence of Warning colours, attitudea, Ac. 
in sjiecieH which possess wane ipudity unpleasant to tin* 
onemies of their class : recognised hy Bates in butt* r» 
Hies which are mimicked hy others (Air. i if, 1815*2}; the 
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principle especially supported and extended by Wal¬ 
lace; also greatly supported by Trimen, Belt, and 
many others. 

2. The tendency for the species in each specially 
protected group of butterflies to resemble each other 
(by convergence or arrested divergence) more closely 
than those in other groups not similarly protected, 
thus suffering a smaller amount of destruction while 
their enemies are being educated to avoid them ; sug¬ 
gested by Meldola Ann. and Mag. Nat. Hist.’ Dec. 
1882) as an extension of the principle discovered by 
Fritz Muller and described in the next paragraph. 

8. The tendency for the members of distantly re¬ 
lated groups of specially protected butterflies to resemble 
each other, thus gaining the advantages described 
above : discovered by Fritz Muller (‘Proc. Ent. Soc. 
Lond.’ 1879, p. xx.). The fact of the resemblance was 
first observed by Bates (loc. cit.). 

4. An extension of the same principle to all the 
groups of such specially protected animals : in these 
the same colours and patterns occur again and again, 
and advantage is gained by the fact 'that the types of 
appearance are those which produce most effect upon 
the sight of an enemy, as well as by the fact that only 
a few different types have to be learnt. Certain types 
of colour and pattern are eminently advantageous for 
animals in which the special protection is imperfect, 
because they are so thoroughly advertised by other 
animals in which the protection is complete and 
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inspires great dread (Poulton, ‘ Proc. Zool. Soc.’ 
March 1887). 

5. The latter cases naturally lead to those of 
true Mimicry, in which a group of animals in the 
same habitat, characterised by a certain type of colour 
and pattern, are in part specially protected to an 
eminent degree (the mimicked), and in part entirely 
without the special protection (the mimickers), so that 
the latter live entirely upon the reputation of the 
former. Discovered by Bates in Tropical America, 
(be. cit. 1862), then by Wallace in Tropical Asia and 
Malaya (loc. cit. 1866), and by Trimen in South Africa 
(be. cit. 1870). 

Cases to which the term Mimicry is best applied 

The term Protective Mimicry is best applied to the 
deceptive appearance of the unprotected forms in the 
last class only. Instances of such true Mimicry, in 
which the resemblance deceptively suggests the pre¬ 
sence of some positively unpleasant quality, are so 
common and striking that we need some name for 
them; and it is in every way best to retain the 
historic term. An additional advantage is that the 
word Mimicry implies the deception and unreality 
which is so obvious in the last class of cases de¬ 
scribed above. For this reason it is best to include 
all the other classes and the protected forms in the 
fifth class, under Warning Colours; for their object 
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is to warn an enemy, as effectually as possible, of 
real danger or unpleasantness; while the object of 
the unprotected forms in the fifth class is to suggest 
the presence of some unpleasant attribute which has 
no existence in fact. 

The transition from Warning to Mimetic colours 
which occurs in the fourth class is no objection to 
this arrangement; for we cannot escape transition in 
any classification of the uses of colour in animals. 
Some authorities have failed to make any distinction 
between Mimicry and the other forms of Protective and 
Aggressive Resemblance; but such an arrangement 
would confound together cases in which appearance is 
used for concealment, and those in which it is made 
use of in order to attract attention. 1 

1 S. B. J. Skertchly’has recently (Arm. and Mag. Nat. Hist., Series 
vi. vol. iii. pp. 477 et seq.) urged (a) that ‘protective resemblance 
copies stationary objects, mimicry simulates moving ones.’ He accord¬ 
ingly maintains that the former is a defence against enemies which 
attack butterflies at rest, the latter against those which attack them 
on the wing. He further argues that the attacks of birds constitute 
the only real danger to an insect on the wing; (6) that certain ob¬ 
servers (Skertchly, Pryor, Scuddor) agree in considering these attacks 
to be of very little importance; and (c) that therefore Mimicry, to¬ 
gether with the shyness of moving objects exhibited by all butterflies 
on the wing, ‘ are habits acquired long since, which have survived the 
necessity that gave them birth.’ He maintains that this argument 
is supported by (d) the * law that the amount of apprehended danger 
is measurable by the efforts taken to avoid it,’ inasmuch as ex¬ 
amples of Mimicry are far rarer than examples of Protective Resem¬ 
blance. 

To this we may reply: (a) the alleged contrast between Pro¬ 
tective Resemblance and Mimicry is only a usual consequence of the 
real difference between them (see pp. 222-28, also p. 71). Further- 
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Conveaieace of the term Mimicry 

Mr. Bales's ti*rm has been eritieiml because it is 
generally used to describe voluntary actions, whereas 
the Mimicry alluded to in these pages is of course un¬ 
conscious, and lues been gradually produced hy the 
operation of natural selection. 1 This use of the word 
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is, however, well known, and is not likely to mislead 
anyone; and in addition to its historical accuracy the 
word is more convenient than any other, as Mr. 
Wallace has pointed out. Thus we obtain the con¬ 
venient series of words — mimic , mimicry, mimetic, 
mimicker, mimicked, mimicking. 

Various degrees of affinity between mimicking and 
mimicked species 

The various examples of Mimicry may be divided 
according to the affinity of the forms which resemble 
each other. Thus a species may mimic another closely 
allied species, or one of a widely separated family, of a 
distinct order, class, or even sub-kingdom. Mr. Bates 
first explained the Mimicry of butterflies and moths, 
so that in this case the divergence between the species, 
although generally very great, is not nearly so large 
as that of other examples. The former, however, in¬ 
cludes some of the most striking examples known, 
and will be first described. 


The Butterflies which afford models for Mimicry 

In giving some account of Mimicry among butter¬ 
flies, it is first necessary to speak of the models which 
are most generally copied in all the warmer parts of 

single naturalist. I imagine that oven the American Neo-Lamarckians 
do not follow their founder so far as to believe that the volition of an 
animal could account for all the details of mimetic resemblance. 

Q 
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the world. These models almost invariably belong to 
the two great families Danaidce (including Euploea, 
Danais , and Hestia) and Acrceidce, while the Heliconidce 
of Tropical America are also mimicked. It has been 
already pointed out that the Danaidce, which inhabit 
the region of which the Heliconidce are characteristic, 
have adopted the appearance of the latter, and may 
therefore be called Heliconoid Danaidced 


Proof that the mimicked Butterflies are specially pro¬ 
tected by a nauseous taste or smell 

It is of the greatest importance to prove that these 
butterflies are specially protected in some unusual and 
exceptionally complete manner, so that resemblance 
to them would be advantageous. All observers speak 
of their slow flight, gaudy colours, and abundance. 
Thus Mr. Trimen’s descriptions of the Danaidce and 
Acrceidce are equally true of the Heliconidce , and of all 
other butterflies or moths which are the objects of 
Mimicry. ‘ The slow flight, the conspicuous colours, 
the complete disregard of concealment, no less than 
the great abundance of individuals, are characteristics 
indicating unmistakably that these butterflies are 
favoured races, enjoying advantages and immunities 
above their fellows. 5 2 The colours of the under sides 

1 Bates called them ‘ Danaoid Heliconidce but Trimen pointed 
out that tlie transposed words more truly express the relationship 
(i loc . tit. p. 499). 
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of the wings are the same as those of the upper sides, 
or at any rate are equally conspicuous. A peculiar and 
frequently unpleasant smell has been noticed by all 
observers who have studied these groups. It is pro¬ 
bable that the same means of defence is present in the 
other stages, and this has been proved in certain 
cases (e.g. Acrcea horta , Trimen). The unpleasant 
smell frequently resides in a clear yellow fluid which 
exudes on the slightest pressure. 

Mr. Trimen 1 has also called attention to the fact 
that the conspicuous butterflies and moths which 
possess such qualities have a remarkably elastic struc¬ 
ture, and can endure very severe pressure without 
injury. The wings are so flexible that they can be 
bent and distorted without breaking the nervures. 
The insects can in this way often recover from the 
mistaken attacks of insect-eating animals. Skertchly 
also maintains, from his experience in Borneo, that 
nauseous properties are accompanied by strong 
vitality. 

There is, unfortunately, too little direct experi¬ 
mental proof of the unpalatability of the specially 
protected groups which are the chief models of Mimi¬ 
cry. When, however, all the observations are brought 
together they constitute a fair amount of evidence, 
and there can be no doubt about the results of future 
experiments. 

Mr. Bates mentions the glands near the anus 
1 Loc. cit. pp. 498, 499. 
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from the monkey’s actions, that they were distasteful 
to him.’ 1 

Mr. Belt, however, observed that a yellow and 
black wasp caught these butterflies to store up in its 
nest, and that the Heliconidm were very wary when 
the wasp was near, although quite fearless in the 
presence of other enemies. They were also attacked 
by a flower-haunting spider. These exceptions are 
very interesting, because the unpleasant qualities of 
such specially defended groups generally appeal with 
success to the taste of animals from the most widely- 
separated places in the animal kingdom. When certain 
enemies are thus careless of the qualities which inspire 
such general respect, it is probable that we witness a 
result brought about in the first instance by the 
excessive competition for food. In times of scarcity, 
any individuals of a species which were able to 
disregard the unpleasant taste, would be likely to 
predominate over those with more delicate gustatory 
susceptibilities. 

From Africa, Mr. Trimen quotes an observation of 
Mr. Bowker upon a small Kaffrarian lizard which 
pursues a peculiarly wary butterfly with the greatest 
energy and persistence, while it neglects the inert and 
abundant Acreidm . Mr. Trimen has made similar 
observations with regard to dragon-flies and Mcmtidce , 
both of which feed largely on butterflies, but were 
never seen to touch an Acrma or Danais. 2 

1 Loo. ciU pp. 316, 317. 2 Loc. cit. p. 500. 
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In India, on the other hand, M. de Niceville found 
that Acrcea violm was the only butterfly refused by all 
the species of Mantis with which he experimented. Mr. 
Wallace quotes an observation by the Hon. Justice 
Newton, upon the bulbul, which chases and greedily 
devours a swift but palatable butterfly, but could only 
be induced to touch a Danais by repeated persecution. 1 

Some very interesting observations prove that the 
unpleasant qualities are retained in the dried specimens 
long after death. ‘Mr. Bates observed that, when 
set out to dry, specimens of Heliconidce were less 
subject to the attacks of vermin ,* ’ 2 while Professor 
Meldola even found that ‘ in an old collection which 
had been destroyed by mites, the least mutilated 
specimens were species of Danais and Euploea .’ 3 This 
observation has been confirmed by Mr. J. Jenner 
Weir. 


Conclusion warranted by the evidence 

I have brought together all the available evidence 
on this subject, because there has been of late years 
a rather wide-spread tendency to reject the explana¬ 
tion offered by Mr. Bates. The evidence, however, 
certainly warrants the conviction that experiment 
would prove all ( protectively) mimicked species to he in 
some way disagreeable or even dangerous to the enemies 
of their class; and if this be so, the probability that 

1 Darwinism , p. 235. 2 Dwrwimsm , p. 234. 

8 Proc . Ent. Soc. Lond. 1877, p.,xii. 
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nil mimetic resemblances are due to natural selection 
contrasts in the strongest manner with the entire 
absence of any alternative theory on the part of Mr. 
15aten's critics. 

Condition* under which Protective Mimicry occurs 

The conditions tinder which Mimicry occurs also 
strongly confirm the view that those resemblances 
have been produced by the operation of natural selec¬ 
tion. Them,; conditions have been found to bo very 
nearly constant by every naturalist who has published 
any ohwrvatiouH on the subject. They have recently 
Iteeii very concisely stated by Mr. Wallace as fol¬ 
lows. *■ 

* 1. That the imitative species occur in the same 
urea and occupy tin- sit me station as the imitated. 

• 2. That the imitators are always the more (lo- 

fi net lei- H, 

' :J, That the imitators are always less numerous 
in individual/i. 

‘ i. That, tin! imitators differ from the hulk of 

fit* ir idles, 

' It. That the imitation, however minute, is external 
ami > infill* only, tie wrest* tiding to internal characters 
or to tu b jn do nut itlfn t the external appearance.* 


ftin u fiiiifii* f*|*« *Mi* 
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Mimicry in the Butterflies of Tropical America 

The Heliconidce , and Danaidce which resemble them, 
in Tropical America, are chiefly mimicked by Pieridce 
—the family of c Whites 5 to which our common 
Cabbage Butterflies or Garden Whites belong. 
Mr. Bates figures one noil-mimetic species of the 
family, and the resemblance to our familiar butter¬ 
flies, together with the immense difference between 
it and the mimetic Pieridce in the same country, are 
very striking. He also figures many beautiful 
examples of Mimicry, and the two plates should be 
studied by anyone who can obtain access to Yol. xxiii. 
of the ‘ Transactions of the Linnean Society ’ (pp. 
495-566). One of the most striking instances is 
reproduced in Mr. Wallace’s recent work. 1 

Mr. Bates found that two different Heliconidce 
in two adjacent areas were in certain cases mimicked 
by two varieties of the same species of Pierid, a fact 
which points to the comparatively recent origin of the 
resemblance; for otherwise the two varieties would 
have had time to become distinct species. A similar 
fact was observed by Mr. Wallace in the Malay 
Archipelago. 

The specially protected forms were not only 
mimicked by Pieridce but by Swallow-tails (Pafilio) 
and other butterflies, and in many cases by day-flying 
moths also. 


1 Loc. cit. p. 241. 
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1 him? recently heard tho objection rained to the 
theory of Mimicry* that non-mimotie Pierid«>, with 
tint typical appearance of their group* are among the 
coiiiniriiii-Hl butterflies in Booth America. It in there¬ 
fore argued that the PivrUhe are quite able to take 
can* of ih(mm4vm f nml 9 if any of them resemble 
oilier forma, it cannot bo in order to shelter them- 
m*tvm tinder tin* reputation of the latter. There 
does not seem to lit? much force in this objection ; tho 
force# which tend to the extermination of a species 
lire ho nicely hnlnneed iiguiiiHt Hut forces by which 
its existence In maintained, that a very minute and 
often quite iimppmdahle difference may lead to pro- 
domitmnre or to scarcity, perhaps ending in exter¬ 
mination. I lean use Hie typical PkrMt/f In Bouth 
America appear to be predominant, it by no means 
follow# Iliiil nil tin.! HpceicH of tins group have always 
tieett mh Furthermore, the fact that all mimicking 
IHaidu* art scarce, and that tiny invariably resemhle 
III** buitcrflica of Hjariuliy protected groups which are 
ul ho mimicked by other huttertlicH and hy moths, is 
14 practical and complete answer to the objection. 

Mimicry is Malic Butterflies 

In the Malayan tdands and in fiidin Mr. Wallace 1 
found flint the Ihimtidit are the chief models for 
Mimicry, although certain MurphhUr and one section 

1 Linn, Bm, Tmm$» vol. xxv. ftft. 
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of Swallow-tailed Btitterflien (Pa pill* a \u re aho n - 
gambled* 1 fc* a lint of i < ii i vitupkn $if 

mimetic reHemblimceH from emoti;! fife Hiutilmv* faili 

alone. Anton# them? wan mi infer* e;t * in whirls 
the male** of a Malayan Bp* vh ,< paanium) 

mimicked the limlen of one I 'npf*t a t'h. MuUmh m% 
while the feinaien iiiiniirkiii the I* i#mh ^ of *uo»th« r 
Ellpkrn (E, lllMilmwiiifhiiHU A *pee j;d of 

Bwallow-tailn lire aim) the obp rt i£ of Mim?*oy in 
Smith America. 

The African Papilla mcrope as mt example of Mimicry 

lly far I lit i iiio-i ri'inarliiihle rviifsplr of Military 

IB (lull alluded to Jti the pLVotK# *pM* d pvo?i B?tk» 
dtival, and which lmo Ii#o n ^orlad oof* *<»;»> flu ^ wiflt 

minty other rime* of Mimier), hy Mr. Behind Tune i* 

in Hoiiili African Tick womhrful »ximiph do**, nm 
uppuir to he eiiilirii nt!y will loeeun ahhonah if i 
excellently fleiaTihrd find dlmdmfed in Mr, Tabu* nk 
paper/ from which tliw ammol mal the f^nr* *'< npx*n 
the coloured plate ?iro IiIoal ImirSi of the iipnr* ;> 
Inin been reduced to half the natural M/m 

J Fif4. 1 closely rrMAfiWt^ file liiilha itJbb lien *J f* • 
progenia the b mole, of n beautiful pali yellow and 
black Kwiillow-taded Butfi illy Otytihiii Mi **,"**) skUivU 
in found in Maditpmir* Tin only nan In d differ* nrr 
in colour Iiistwmt the k.v\% h B the bint mmmnluf 

1 Linn, Hm% Tmm> ml, **vi, eft, M ?/J$ t 

'* t#f lit# rl filali at 111# It# numu * c f v 
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"black in the female. In Africa a Swallow-tailed 
33'Utter fly ( Papilio merope) occurs, of which the male 
is represented in fig. 1; the female, on the other 
brand, is without the ‘ tails ’ on the hind wings, and 
P r esents a totally different appearance from the male ; 
it occurs in three different varieties, each of which 
uaimics a different species of Danais prevalent in its 
district. 

Fig. 3a represents Danais echeria, a specially pro¬ 
tected butterfly, common in South Africa, and rendered 
conspicuous by light brown and white patches and spots 
upon a black ground. The appearance of the female 
- merope (the P. cenea form) in the same locality is 
six own in fig. 3. It is very interesting to find that 
J~>. echeria is also mimicked by two other species of 
Swallow-tail and by another butterfly ( Diadema mima ). 
In Natal the ordinary form of the Danais is replaced 
by a variety in which the spots on the fore wings are 
vvliitc instead of ochreous. In Natal the female P. 
anerope undergoes a corresponding change, and inter- 
xxxediate varieties of both mimic and mimicked are also 
found. 

The appearance of another unpalatable butterfly, 
JDanais niavim, is shown in fig. 4 a. This conspicuous 
"black and white butterfly is abundant in tropical 
"Western Africa, and it is very faithfully imitated by 
two other butterflies in the same locality, a Diadema 
and a form of the female of Papilio merope (the P. 
Jvijrpocoon form), shown in fig. 4. This is the ex- 
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ample of Mimicry alluded to by Boisduval, although 
he uses different names for the butterflies. The 
Natal form of Danais niavius is rather different, 
having broader white markings, especially on the. 
hind wings, and both its mimics have undergone a 
corresponding change in the same locality. The 
Natal varieties are represented in figs. 4a and 4. It 
is very interesting to learn that the two varieties 
of P. merope which mimic the two species of Danais, 
although so widely different in appearance, are still 
connected by intermediate forms. 

A third species of Danais , the conspicuous black, 
reddish-brown, and white Z). chrysippus, is extremely 
abundant and has a very wide range, occurring 
throughout Africa, in Southern Europe, Southern 
Asia, the Malay Archipelago, &c. This butterfly, 
represented in fig. 5a, is almost everywhere attended 
by its mimic, Diadema bolina, which occurs in two 
forms exactly resembling the two forms of the Danais. 
A third variety of the female P. merope (the P. tropho- 
nius form), shown in fig. 5, occurs in Cape Colony, 
and mimics Danais chrysippus . 

The female of P. merope also occurs as a fourth 
variety, unlike the others, but connected with the 
second of them by an intermediate form. Mr. Trimen 
considers that this variety ‘ is probably modified, or 
in course of modification, in mimicry of some other 
protected butterfly, possibly not a Danais 

To recapitulate this marvellous instance of the 
relations which may obtain between the organisms 
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inhabiting the same land :—Three well-known species 
of Danais occur in Africa, each of which is mimicked 
by a special variety of the female of Papilio merope; 
two of the Danaidm present two varieties in the range 
over which they are accompanied by the P. merope , 
and some females of the latter undergo corresponding 
changes; intermediate varieties occur and also connect 
one of these forms with a fourth variety of the female* 
Furthermore, in Madagascar, which in so many other 
instances furnishes us with a glimpse of what the 
ancestral African fauna must have been, a Papilio 
is still living with a male like that of P. merope , and 
having a female only differing in the rather greater 
predominance of dark markings, a predominance 
which is thus entirely in the direction of the far darker 
African females. 

It requires a very slight exercise of the imagina¬ 
tion to picture the steps by which these marvellous 
changes have been produced; for here the new forms 
have arisen at so recent a date that many of the inter¬ 
mediate stages can still be seen, while the parent form 
has been preserved unchanged in a friendly land, where 
the keener struggle of continental areas is unknown. 1 


1 Since the appearance of Mr. Trimen’s important paper, the 
interest and intricacy of the case have much increased. Mr. Mansel 
Weale {Tram. Ent. Soc. Lond. 1874, pp. 131 ct seq.) found a number 
of the larvae feeding together in one locality, near King William’s Town. 
From these he bred seven males, four females of the Genoa form, one 
of the Trojohonius, and one of the llippoeoon form, thus confirming 
Mr. Trimen’s original suggestion, that all these belong to the same 
species. The butterflies have furthermore been taken in coitu more 
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Protective Mimicry more often found in female 
Butterflies than in males 

This example enforces a conclusion arrived at by 
the study of mimetic butterflies in all parts of the 

than once. Mr. Mansel Weale also points out that the sexes axe 
remarkably different in their manner of flight. 

It is now admitted that the West African forms must be separated 
from the Southern as a distinct species. The western species is now 
called P. meropc, while the name P. cenea is extended to cover all 
the varieties of the southern species. The males of the two species 
are very similar, but P. cenea has somewhat shorter wings, shorter 
tails, &c. The female P. cenea presents all three varieties described 
above. The western females lack the Cenea form which mimics 
D. echeria ; and the Hippocoon form differs in its larger size and 
smaller extent of the white markings, especially on the hind wing, in 
these respects agreeing with the western form of D. niavius , which 
it mimics. It is interesting to note that the western Trophonms 
form, mimicking the small D. chrysippus , is little if at all larger than 
the corresponding form of the southern species. A third variety of 
the western female, the P. dionysos form, is of extreme interest, in 
that it combines the features of Hippocoon and Trophonius , and also 
indicates a transition towards the female P. mcriones of Madagascar. 
Mr. Trimen also describes many varieties transitional between the 
three forms of the southern female. For further details and a 
thorough discussion of the whole question, consult Mr. Boland 
Trimen’s South African Butterflies , vol. iii. 1889, pp. 243-55 ; also 
the same author in Tram. Bnt. Soc . Lmd. 1874, pp. 137 et se%. 

Two new species have also been added to the P. merope group. In 
the island of Grand Comoro, adjacent to Madagascar, another species, 
P. Hwmhlots has been discovered. P. JE lumbloti somewhat resembles 
P. mcriones , but the sexes are even more alike. The other species, 
P. antinorii, has been found in Abyssinia, and is of extreme interest, 
in that the sexes are nearly alike, as in the island forms. It is much 
to be hoped that further research will bring to light the causes which 
have favoured the persistence of the ancient unmodified form in this 
one locality on the mainland of Africa. 

I wish to express my sincere thanks to Mr. Roland Trimen for 
kindly looking through the proofs and suggesting references. 
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world—that the females arc? far more liable to 
iif#§tifii€* thin method of defence than the males. Thus 
Mr. Walker found that the eastern Morphidm and 
the special group of Swallow-tails were only mimicked 
by tin \\ liwim iif other Hwallmv-tails ; and similar 
fml« have hum observed in America. 

Mr. Wallace, in bin paper cm the Malayan Swallow¬ 
tail i ^plains tin commoner mimetic resemblances of 
fi iimh % ti ratiM? * their blower flight, when laden with 
* gg t mal their expoMire to attack while in the act 
of depositing their eggs upon the leaven, render it 
dully adcanlageous for tliem to have- some? addi¬ 
tional promotion. 1 

Mr. It odojUs the siiiiie explanation, and also 

u# cl* I lie \ery iiiguiioiiH suggestion that, when the 

nr.ib i inne ir A been similarly modified, it is because 
1 4 He* pn U rt nr* of the more eiinnervntne mx for con- 
wlikh return the iinrestrnl colour of the group 
to which they I* long. Ik point i out that the males 

of iiuiiiy i*f the tuism lie 4 Whib id (Pirruht) ‘ have the 
npp* v half of the kf»r wing of a pure white, whilst 

ail tie p I of tie witigo in barn d and spotted with 
bhrh, jei } iuv\ y slow, lil*- the species they mimic. 

lie* f* lUAh I liav UMl till0 white pulell, and till! ttlilltlS 

m*«mJly H So it with llii* upper wing, 

, i ihn # I Moeieif inenhie* if'' king of any other use 
to fie in « v* pfiing m nn fUtniHmn in courtship, to 
t chilli! in fin U tmh ,f ji mul thus gratify a deep-seated 

jin f* ivm^ fW the imriiiiil rolotir of the order to which * 
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these mimetic; forms belong. 1 Ingenious m thin sug¬ 
gestion is, it needs confirmation by ti careful observa¬ 
tion of the; habits displayed during the rtmrtblrip of 

these species. 

Protective Mimicry in Moths 

Certain conspicuous moths n.rrt also mimicked by 
other moths only distantly related to them. A good 
example was diHcovemlut Amhoyim by the miturulists 
of the 1 Challenger * expedition ; the figures tire repro¬ 
duced by Hr. Wallace** 

Protective Mimicry in British Moths 

The only example,, of mimh In d , pick- - boMiu 

hi the liriftoll bepidopp re oeeur th»* tnellt ^ 

Mr. Wallace first ntSlfd afliiition fu fit* rMj>s 

hhutce of tilt* female of flu Mu*Hn Mo?h ( !tnp!*<aa 
mt at lira) to the far more abnmhud Whit* ihmim 
Moth (Npilswattitt im both ^pieiei leiog white 

with black spots, mid omirrmg at tin* time of 

the year. The mimicked hjhth h Ii m l»eii provi d to 
be unpalatable, while the fuel Hint tin- tmh of tSu 
mimieker is dark coloured mid well-coitrt iiSmI i-% * u« 
donee that the luffir h palatable. Tie roteme ii»n 

should, howi vi r, hi eonfinmd rtperiim iifaJli, 
until till! test lias 1 #m n applied, w* cam ml b< , ur* that 
tin) ease is one of Inn Mimien ruth** Umu mo of 
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resemblance between unpalatable forms, described 
under Warning Colours (see pp. 191-96). The close 
affinity between the two species, and their similarity 
to other closely related species, probably indicate that 
the resemblance is due to arrested divergence rather 
than convergence; if so, the case before us is not a 
good and typical example of Mimicry. 

A similar objection holds against an example in 
which I have experimentally proved that the benefits 
of true Protective Mimicry are certainly conferred. I 
refer to the unpalatable and abundant white Satin 
Moth (Stilpnotia salicAs), which is resembled by its 
near relative, the common white Gold Tail Moth 
(Porthesia auriflua). The abundance of the latter, 
and the affinity between the two species, make this 
instance a very bad one, but the experiments were most 
instructive, and indicate the benefits derived from 
Mimicry in a most suggestive manner. 

Experimental evidence of the protection afforded by 
mimetic resemblance 

I offered a Satin Moth to a marmoset which was 
excessively fond of insects, and which had not gratified 
this appetite for some days. He seized the moth, and 
ate it with the strongest expressions of disgust, well 
known to all who are acquainted with him; in fact, 
had not the attempt been made to take the moth 
away, I believe that he would have rejected it. As 
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80011 an lie had fhiinhed this muweoiiH tnomd, I offered 
him a Gold Tail Moth, hut lie ahriink from the night of 

it, and had evidently had ijiiite enough of white mothn 
for the time lifting. And yet lie eagerly linked find 

devoured many other incnuK|»i<’UouH inneetn whirl* I 



Vm , Hi *. fWeiM M *#*U 0 ‘* it ,* W* f ;#i in*n 1 .*.5 if, - iff i 

tiuuttHi 'i. »>, i o<».a n e c f* if a !»,#<* * f M ( *r > t,* , , 

O '4 1 + | :dl 4 0 

offered to him. it ivn men ly then * ?nMan< * n* th* 
moth which had HMlmmmd him that n*d in. < hdd 

Tail, for on niioflar o< vu ieo fp* -m hui m ! to* ,< 

motliH one lift f r fl» efli*r with lie ,-n m* - * i? g ) Jf 
The imirmoHiU loe a far Ue»n m lien* Ui h than am 
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other insect-eating animal with which I am acquainted, 
and it appears therefore to be certain that the Gold 
Tail Moth is palatable. I have also confirmatory 
evidence as to both these species, from the behaviour 
of other animals. The great abundance of the Gold 
Tail, in spite of its agreeable taste, must be in part 
explained by the fact that the caterpillar is specially 
protected in different ways (see pp. 171-72), but it must 
also follow from the fact that white and conspicuous 
moths are generally unpalatable. The strong super¬ 
ficial resemblance between the two moths is shown in 
fig. 50. 


Mimicry may be a source of danger to the mimicked 
species 

While the experiment with the marmoset illustrates 
the benefits conferred on the mimicker by the well- 
deserved reputation of the form it imitates, an experi¬ 
ment made by Professor Weismann proves that the 
safety of both may be endangered when the mimicker 
becomes relatively abundant. Professor Weismann 
found that the black and yellow caterpillars of the 
Cinnabar Moth (Euchelia jacobace) were refused by 
the Green Lizard (Laccrta viridis ); he then introduced 
some young caterpillars of the Pox Moth (Lasiocampa 
rubi), which are very similar in appearance. The 
lizards first cautiously examined these larvae, and then 
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ate them- After this they whip w-hi to taste tJir* 
Cinnabar caterpillars, inordi-r f«» test whothor they were 
really as unpalatable as they apjiHtred to 1« J 


Farther examples from the British Moths 

Professor Meldola lum abo , u;»y» f *o| f Itnf thr* *- 
abundant species of 1 a f I '?/>* * n 

Cahvm jwmrit(,nnt\ (\ *m*nfhi w/*V, nri% 1«< n.opale! > 
abk, for they are all white and \< ry ron^P mne- %h* n 
flying at dusk- If ibis he the ni*.e h P u r\ pr'ihahl* 
that tliii ri^eiiibliinee of fmofititPi which ti*->»ue u n to 
some of these nmy be an* sample of trim >1 y aio 
AvhluVm mibm rivmin and the fin! tin uthm* 4 ; t ,«* 
temmihi and the nicoiid, or both m-cho! and fliioin 
It in much to hi* liojii d tlist! fin* «*\jo s ini* nfi?l > \ bh u* t 
will soon be forthcoming. 

I have given ninny hihUiurru of Mifnirry in I e j4< 

cloptera because tint subject km Unti mm* folly ii*. 
ventilated within the limits of this order, mid loanee 
of the beauty mid inter* 4of the <*\uni)iW tie iiiwhem 
But the same principle* are of very wide aj'plication, 
its f shall be alb to show in the jie\f rlif§§4n , abk a P 
limited apace will pr»\ujt me from min ' mmy * .« 
ampler 

1 For Hi*-*' firel <4 i' rh‘t*n H •. * j, -<vt^ V :t . 

iin ?/*#* ThrMf >4 s f tk *',• i‘;ji» ,,, |,|j |m !:•!*,, ?, ‘s H , i 

lutiwi by |'«4» -oof 50 
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CHAPTER XIII 

i'UOTKCTmC AND AfHiUKHHlVH MIMIC11Y 

Wr; have M'i'ii {lial, !t Lepidoptorous insect occasion- 
ull.v mimics another r|»«i ly related in it, although tho 
resemblance 1,4 almost invariably between distantly 
« i k-cIch ; while in many cases tho relation¬ 
ship in v« ry ftir removed, an when a moth imitate tho 
appearance of a butt* rfl.v. Corresponding oases occur 
in oili* t orders of inserts, hut wo must now pass on to 
consider Kitiiti of lilt.* nutiiorouH instances in which tho 
mimetic aperies U separated from tho form which it 
deceptively resembles by tho with) interval which re¬ 
moves oho order of inserts from another. 


Hymenoptcrn mimicked by other orders of Insects 

'Hi* ifyiin nojiloia, unhiding the formidable her- 
noli*, »!*«}».<«, ItM-s and ants, are more frequently 
mimicked than any other order. In several of tho 
ihiii;«h moth* tho wing* have lost their scales and 
have heroine transparent, while tho other parts have 
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also been modified, so as to produce a more or less 
perfect resemblance to some stinging Hymenopterous 
insect. 

Mimicry of Hymenoptera by Lepidoptera 

This is the case with two of the hawk-moths, called 
Bee Hawks ( Sesia fuciformis and S. bombyliforrnis), 
which in some degree suggest the appearance of 
humble-bees. The habits are, however, entirely dif¬ 
ferent, and the resemblance very imperfect—so much 
so that a lizard (Lacerta muralis), to which I offered a 
living specimen, was not imposed upon in the least, 
but devoured the insect without hesitation or caution. 
Although humble-bees are eaten by lizards, they are 
always seized cautiously, and disabled before being 
swallowed. 

In one respect these Bee Hawks are extremely in¬ 
teresting, for they provide a conclusive answer to those 
who believe that such mimetic forms have not been 
modified from a condition which is more characteristic 
of the group to which they belong. When the Bee 
Hawk emerges from the chrysalis its wings are even 
now thinly clothed with scales, which are shaken off 
in its first flight. The history of the change is still 
recapitulated, as in so many other cases, in the history 
of the individual. 

The two Hornet Clear-wing Moths ( Spheeia ajri- 
formis and S. bembeciformis) afford far more perfect 
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examples of Mimicry, the resemblance to a hornet or 
large wasp being so strong that the great majority of 
people would shrink from them in fear. The insect 
carries out the imitation to the end, and when seized 
moves its body as if it were about to sting. 


Experimental proof that Protective Mimicry at first 
deceives an enemy 

The protective effect of the resemblance was well 
seen when I offered one of these moths (S. bembeci* 
formis) to Lacerta muralis. The lizard was evidently 
highly suspicious, and yet afraid. It examined the 
insect very keenly from a distance, approached cau¬ 
tiously, and touched it with its tongue. The effect of 
this investigation was evidently reassuring, as we 
might expect; for the soft scaly body of the moth is 
very different from the hard polished surface of a 
wasp or hornet. And yet the lizard seized the moth 
with the greatest care, by the head and thorax, and 
began to thoroughly crush these parts, behaving ex¬ 
actly as it would have done with a wasp or bee. The 
texture, and perhaps the taste, of the insect, however, 
soon revealed the deception, and th© lizard then treated 
the moth as unscrupulously as any other harmless 
insect. A few days afterwards I offered another moth 
of the same kind to the same lizard; but the lesson 
had been learnt, and the insect was seized without 
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special examination or caution, and devoured dire 
it was seen. 

This experiment supports the conclusion previoi 
arrived at, that insect-eating animals do not s 
with an instinctive knowledge, but learn by experie) 
It also proves that the mimetic resemblance i 
deceive a peculiarly sharp and clever enemy, and ' 
tainly acts as a protection to the insect. In this c 
the moth was brought within a few inches of 
lizard: in nature it would be seen from a much gm 
distance, and would, doubtless, be at once avoic 
unless the enemy was impelled by excessive hunge: 


Mimicry of Hymenoptera by Diptera 

Other orders of insects also commonly mimic 
Hymenoptera. A very common British insect belo 
ing to the Diptera (the order including flies, gm 
daddy-longlegs, &c.) is known as the Drone 
(EristaMs), although it is often wrongly called a Dro 
It very frequently flies into houses, and may be gi 
walking, in a very bee-like manner, on the wind* 
panes. In addition to the striking resemblance to a' 
(see fig. 51) it buzzes in a most alarming manner w! 
captured, and moves its body in a way that in 
suggestive for the nerves of most people. And yet 
anatomical structure is entirely different from that 
a bee, and a superficial examination will show tha: 
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has only two wings, instead of the four possessed by 
the Hymenoptera and most of the other orders. 



Fia. 51.—Drone-fly (ErUtalls), to the right, and bee on a carrot-blossom; 
natural size. 


Mimicry of Hymenoptera by Coleoptera 

Among the Coleoptera (beetles) a common English 
beetle (Clytus arietis) resembles a wasp in a very 
striking manner (see fig. 52). The slender waist, the 
shape of the head and antennae, and the black, yellow- 





250 


TIfK OOLOURK OF ANIMAf-K 


banded body are all most suggestive; and although 
the transparent wings are concealed except during 

flight, it will Ui remembered 
flint the wings of n wasp 
attract very little attniitinii 
under tint hiiiim cireuiiistiiiircH. 

lint llii! most remarkable 
{mint in the resemblance nut 
only he appreciated by observ¬ 
ing the living insert. When mlkiiiy* tin- olendcr 
wasp-like logs art* moved in n rapid *ouu v»hiU j* rky 
maimer, very different from the u,noil Join! Vnh o* 
ptcrouw stride, hut remarkably like th* active move- 
munis of a wasp, which ulwuj * ee**m to imj*U tie- 
perfeetion of training, \\itiluee, Ik It, and H* itip* r 
also give many in stances of berths and oilier inverts 
imitating the appearance of ant ** which nr* * Vr<in» ly 
abundant, and h«*«ih to be very five from attack, in 
the tropics, 

1 have chiefly selected n ten common Ih'ifkii in - 
sects m examples of Minorry # iml tin lounh* r might 
be* multiplied mdethutely from the iihH fauna of 
other countries, The e\;i!npli?i tire, of «»«ir j, mo'4 

rc*markable when the nj#{fiiimii«*eoS the ord* r to which 
the mimetic form helomp dnergy'* mn*$ wi*h ty from 
that which includes the imitated spmem 





fin, W, A III 4f i;-h ltr»1)»' 

(C/fi(m ur/tftsi tvliikS 

u ttii |i; natat aI 0 /r?. 
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Mimicry of Hymenoptera by Hemiptera 

The flattened bodies of the common plant-bugs 
(Ilciniptcra) lire peculiarly (diaractoriHtic, and they arc 
In many ways very unlike other insects. In spite of 
the immenKo structural difference which separates 
them from the Hymenoptom, Mr. Belt describes and 
figures a Nicaraguan hug which mimics a hornet so 
closely that he caught it in his net, fully believing 
that it mm a hornet. 

Ko common are mimetic resemblances in tropical 
conn tries, although, doubtless, unobserved by any 
except (h** keenest naturalists, that Mr. Belt writes: 

* Whenever 1 found any insect provided with special 
means of defence 1 looked for imitative forms, and 
was never ilisiipjioiiited in finding them/ Many ex¬ 
amples will Ini found in his most interesting hook, 
from which I have already often quoted. 

Mimicry of Colcoptora by Orthoptera 

'Many examples are also given by Wallace 1 and 
Kemper." One of the most remarkable is a grass- 
hopjier dhlliopfem) from the Jliilippiue Islands, 
which mimic,* ti fudvbird/ ittid has acquired the 
rounded convex slmpc which is characteristic of these 

* /Mo# hir im % c|* t v*<»7 0|, 

*' dnmmi J^/r* lot# rii4ln#lifil Wd* lifillc Hfrticri, §»ft, USII4IL 

1 S* tojrf, lm* 11 | # je lltlfi 
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nauseous little beetles, and is so totally different from 
the usual appearance of a grasshopper. There are 
also many instances, from this and other localities, of 
insects resembling specially protected beetles. Some¬ 
times the peculiar defence of the mimicked species 
takes the form of a hardness so extreme that insect¬ 
eating animals are unable to make any way against it. 
Such uneatable beetles are generally imitated by other, 
and often distantly related, beetles; but there is a cricket 
(Orthoptera) which defends itself in this way. The 
active and predaceous tiger-beetles are also mimicked 
by other beetles and insects of different orders. Thus 
in the Philippines a harmless cricket mimics one of 
these dreaded insects in the closest manner. 

A wonderfully detailed example of Mimicry from 
Tropical America 

One of the most interesting cases I have yet met 
with was found by my friend Mr. W. L. Sclater in 
Tropical America. In this part of the world leaf- 
cutting ants are only too well known, being most de¬ 
structive of the introduced trees. They are seen in 
countless numbers passing along their well-worn roads 
to the formicarium, and every homeward-bound ant 
carries a piece of leaf, about the size of a sixpence, held 
vertically in its jaws. 1 Mr. Sclater found an insect of 
an entirely different kind, and, I believe, belonging to 

- 1 An interesting account of these ants, from which I have taken 
this short description, is given by Mr. Belt, loc. cU. pp. 71 et seq, 
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a different order, 1 which mimicked the ant, together 
with its leafy burden . The piece of leaf was imitated 
by a thin, flat expansion, and the resemblance was so 
striking that Mr. Sclater’s servant, who was a keen 
observer, actually believed that he was looking at an 
ant carrying its piece of leaf. 

Such cases can he explained by the operation of 
natural selection 

This last example is, as far as I am aware, unique 
in the detail with which the original is reproduced; 
not only is the specially protected species copied, but 
it is depicted at its usual occupation, and the material 
upon which it labours is also included in the picture. 
I quote below a passage from Mr. Belt's work, be¬ 
cause it expresses in the clearest and simplest way 
what I believe to be a complete reply to those who 
would urge the incompetence of natural selection to 
produce so faithful and detailed a likeness. 

‘ The extraordinary perfection of these mimetic 
resemblances is most wonderful. I have heard this 
urged as a reason for believing that they could not 
have been ’produced by natural selection, because a 
much less degree of resemblance would have protected 
the mimetic species. To this it may be answered that 
natural selection not only tends to pick out and pre¬ 
serve the forms that have Protective Resemblances, 

1 Professor Westwood and Mr. W. P. Kirby believe that the insect 
was one of the Membracidm (Homoptera). 


k 
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but to increase the perceptions of the predatory 
species of insects and birds, so that there is a con¬ 
tinual progression towards a perfectly mimetic form. 
This progressive improvement in means of defence 
and of attack may be illustrated in this way. Suppose 
a number of not very swift hares and a number of 
slow-running dogs were placed on an island where 
there was plenty of food for the hares, but none for 
the dogs except the hares they could catch; the slowest 
of the hares would be first killed, the swifter preserved. 
Then the slowest-running dogs would suffer, and, 
having less food than the fleeter ones, would have least 
chance of living, and the swiftest dogs would be pre¬ 
served ; thus the fleetness of both dogs and hares would 
be gradually but surely perfected by natural selection, 
until the greatest speed was reached that it was possible 
for them to attain. I have in this supposed example 
confined myself to the question of speed alone, but, in 
reality, other means of pursuit and of escape would 
come into play and be improved. The dogs might 
increase in cunning, or combine together to work in 
couples or in packs by the same selective process; 
and the hares, on their part, might acquire means of 
concealment or stratagem to elude their enemies; 
but, on both sides, the improvement would be pro¬ 
gressive until the highest form of excellence was 
reached. Viewed in this light, the wonderful perfec¬ 
tion of mimetic forms is a natural consequence of the 
selection of the individuals that; on the one aide, were 
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more and more mimetic, and, on the other (that of 
their (mermen), more and more able to penetrate! 
through the uhh timed diHgiiweH.’ 1 Thin argument in 
of course equally applicable to the wonderful canon 

of Protective Pumcmibbtuco for the Bake of conceal¬ 
ment* 


Insects mimicked by animals belonging to a 
different class 

We must now pann on to canon in which there in a 
ntill wider interval between the; mimkker and the 
species which shelters it from attack. The Insocta 

form one important clasH of the nub-kingdom Arthro¬ 
pods, while? the Araehnida (including the spiders and 
KcorpioiiH) coitHtitiiiu miother of itn claBHefi. Very 

important mmlmtimil diffcrtmccH separate thcnc two 
cliiBBca, mid yet members of the latter arc known to 

mimic HpccicH belonging to the former. Thun, spiders 
which mimic antH are known in both the Old and the 
New World, One midi mimetic spider wan believed by 
Mr. Belt to be ini niit until lie had killed it. The 

iMitcnmr of the nut were represented by the two fore 
legs of the spider, and they were held and moved 

about in the dmriictcriHtic manner* This mmmblanco 
Inii been eijiiniiied m Aggressive rather than Protec¬ 
tive Mimicry, enabling Uic Hpidern to approach the 
niits iiimu which they am HMppoHtd to prey. Mr. Belt, 
however, j mints out that the nuts, bring free from 

1 l#«o tit §#§#, BHSI, list. 
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attack, are very bold and fearless, so that no disguise 
is necessary in order to approach them. The spiders, 
on the other hand, are eagerly sought for by insecti¬ 
vorous birds; hence there is little doubt that the 
mimicry is protective. 1 

E. G-. Peckham also describes two ant-like spiders 
in North America. Synageles picata (see fig. 53) is 
like an ant in form and colour ; 
but ‘ by far the most deceptive 
thing about it is the way in 
which it moves. It does not 
jump like the other Attida, nor 
does it walk in a straight line, 
but zigzags continually from side 
to side, exactly like an ant which 
is out in search of booty. . . . The ant only moves 
in this way when it is hunting, at other times it goes 
in a straight line; but its little imitator zigzags always.’ 
Unlike Mr. Belt’s spider, S. picata holds up its second 
pair of legs to represent antennae. ‘ Spiders commonly 
remain nearly motionless while they are eating ; picata, 
on the other hand, acts like an ant which is engaged in 
pulling some treasure-trove into pieces convenient for 
carrying. I have noticed a female picata which, after 
getting possession of a gnat, kept beating it with her 
front legs as she ate, pulling it about in different 
directions, and all the time twitching her ant-like 
abdomen.’ This spider certainly does not molest the 


Fig. 53 .—Synageles picata ; an. 
ant-like spider (from Peck- 
ham). 


1 hoc. cit. pp. 314, 315. 
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ants it resembles, so that the Mimicry is probably pro¬ 
tective. Synemosynaformica (see fig. 54) is even more 



Pig. 54 .—JSynemosyna formica, an ant-like spider (from Peckkam). 

like an ant than S. picata; it also holds up its second 
pair of legs as antennae, and its walk is described as 
very different from that of closely allied spiders. 1 

Insects which mimic Vertebrate animals 

We finally reach the most remarkable cases of Pro¬ 
tective Mimicry, in which the defenceless form lives 
upon the reputation of some dangerous animal belong¬ 
ing to another sub-kingdom. 

Mr. Bates describes a South American caterpillar 
which startled him, and everyone to whom he showed 
it, by its strong resemblance to a snake, and it even 
possessed the features which are characteristic of a 
poisonous serpent. 2 

1 Loo . cit. pp. 110-12, 2 Loc. cit. p. 609, 

S 
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Equally interesting examples are to be found 
among our British caterpillars. The brown (or occa¬ 
sionally green) mature larva of the Large Elephant 
Hawk Moth (Chmrocamjpa elpenor) generally hides 
among the dead brown leaves on the older parts of 
the stem of its food-plant, the Great Willow-herb 
(. Epiloii'um hirsutiim). In this position it is difficult 
to see, for it harmonises well with the colour of its 



FIG. 55.—The oaterpillar of the Large Elephant Hawk Moth (Cheer ocampa 
elpenor) when undisturbed; full-fed; natural size (from Weismann). 


surroundings. It possesses an eye-like mark on each 
side of two of the body-rings (the first and second 
abdominal segments); but these markings do not 
attract special attention when the animal is undis¬ 
turbed. The appearance of the caterpillar is shown 
in fig. 55. 

As soon, however, as the leaves are rustled by an 
approaching enemy, the caterpillar swiftly draws its 
head and the three first body-rings into the two next 
rings, bearing the eye-like marks. These two rings 
are thus swollen, and look like the head of the animal, 
upon which four enormous, terrible-looking eyes are 
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prominent. The effect is greatly heightened by the 
suddenness of the transformation, ’which endows an 
innocent-looMng and inconspicuous animal with a 
terrifying and serpent-like appearance. I well re¬ 
member the start with which I drew back my hand 
as I was going to take the first specimen of this cater¬ 
pillar that I had ever seen. The appearance of the 
closely allied G. porcellus in the alarming attitude is 
shown in fig. 56. The posterior ‘ eyes ’ are insignifi¬ 
cant in this species. 



PiG. 56.—-The caterpillar of the Small Elephant Hawk Moth (Cheerocampa porcellus) 
in its terrifying attitude after being disturbed (from Weismann) ; stage ir.; 
about twice natural size. 

Such caterpillars terrify their enemies by the sug¬ 
gestion of a cobra-like serpent; for the head of a 
snake is not large, while its eyes are small and not 
specially conspicuous. The cobra, however, inspires 
alarm by the large eye-like ‘ spectacles ’ upon the dilated 
hood, and thus offers an appropriate model for the 
swollen anterior end of the caterpillar with its terrify¬ 
ing markings. It is extremely interesting that the 
caterpillar should thus mimic a feature which is only 
deceptive in the snake itself. 
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Experimental proofs of the protection afforded by 
resemblance to serpents 

The success of thin method of defence depends 
upon an elaborate system of intimidation. An obvious 
criticism suggests that this interpretation is too fanci¬ 
ful, and that the appearance must have some other 
meaning. It !h therefore of the highest importance 
to bring forward direct evidence proving that insect¬ 
eating animals are actually terrified bv sindi eater- 
pillars. 

Professor Weismnnn offered a Large Elephant 
caterpillar to a lame Jay, which immediately killed 
and devoured it. His fowls were, however, much 
awed by the appearance of n larva, although after 
groat deliberation one of them ventured to attack it, 
when the imposition was of course instantly revealed, 
and the caterpillar devoured. He then placed oiu in 
the seed-trough, and found that the i pnrrow • nud 
chaffinches were effectually kept off hv it. (>m spurn >« 
flew down obliquely, so that the vtih rpillar win. hold* t< 
by the side of the trough until the bird \ue» i !m»* up. .u 
it ; the instant the caterpillar wits seen, th» bird el. m !y 
showed its alarm by the sudden manner in whit h it 
altered its course. 1 Lady Vermy aho f.tnnd that modi 
birds would riot eome near a trav containin'-' bread¬ 
crumbs when one of these caterpillars was placed 
upon it. 9 

• Luc, tit. pp. 8JW-88. 


s Omni Umd§, I tiff, p< n|t§. 
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I offered a mature larva of the same kind to a 
full-sized Green Lizard (Lacerta viridis), and closely 
watched the encounter. The lizard was evidently 
suspicious, and yet afraid to attack the caterpillar, 
which maintained the terrifying attitude in the most 
complete manner throughout. The lizard kept boldly 
advancing and then retreating in fright; but at each 
advance it approached rather nearer to the caterpillar. 
After this had taken place many times and nothing 
had happened, the lizard grew bolder and ventured 
to gently bite what appeared to be the head of the 
caterpillar; it then swiftly retired, but finding that 
there was no retaliation, it again advanced and gave 
a rather harder bite. After a few bites had been given 
in this cautious manner, the lizard appeared satisfied 
that the whole thing was a fraud, and devoured the 
caterpillar in the ordinary manner. There could be 
no doubt whatever that the lizard was intimidated at 
first, and that its alarm was due to the appearance of 
the caterpillar. I had often given the same lizard 
equally large hawk moth caterpillars of other species, 
and they were invariably attacked and devoured with¬ 
out any ceremony. I have never seen a lizard behave 
with such caution as on the occasion I have just 
described. 

Lizards have good reason for such an instinctive 
dread, for the appearance suggests that of one of their 
most terrible foes. Mr. Belt graphically describes the 
pursuit of a lizard by a snake. * I was once standing 
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near a large tree, the trunk of which rose fully fifty feet 
before it threw off a branch, when a green Anolis 
dropped past my face to the ground, followed by a 
long green snake that had been pursuing it amongst 
the foliage above, and had not hesitated to precipitate 
itself after its prey. The lizard alighted on its feet 
and hurried away; the snake fell like a coiled-up 
watch-spring, and opened out directly to continue 
the pursuit; but, on the spur of the moment, I struck 
at it with a switch and prevented it. I regretted 
afterwards not having allowed the chase to continue, 
and watched the issue, but I doubt not that the lizard, 
active as it was, would have been caught by the swift¬ 
gliding snake, as several specimens of the latter that 
I opened contained lizards.’ 1 

It is almost certain that these terrifying appear¬ 
ances in the larvae of our temperate latitudes first 
arose in warmer countries, where the danger decep¬ 
tively suggested by the Mimicry is real and obvious. 
The success which attends this method of defence, in 
countries where the reptilian fauna cannot be said to 
constitute a source of alarm, is similarly due to the 
inheritance of instincts which arose in the tropics, 
and which live on, as that unconquerable dread of any¬ 
thing snake-like, which is so commonly exhibited by 
the land vertebrates, including ourselves. 


1 Loc. cit. pp. 389, 840. 






Similar mimatic resemblance in tropical larvea 

Lord Wulsinghain has shown mo some beautiful 
specimen* of tui Indian caterpillar in which the terrify¬ 
ing ‘ eyes ’ are placed further back than in the Elephant 
Hawks; in fact, so far back that the appearance of a 
brad cannot be produced by telescoping the front part 
into that which boars the marks. The larva, however, 
achieves the saint: end by doubling the front part of its 
body beneath the rest, the bend being made at the spot 
where the eye-like marks are placed, so that the 



latter arc brought into an appropriate position at the 
anterior end, while the real bead is of course concealed 
under tin- body (see Jig. HI). The effect is not 
etjiittl to that produced by t'harommpa , but it must be 
very striking when the larva is partially concealed 
among the loaves of its food-plant. 

The larva of the European Tau Emperor (Aglia 
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Tau) has an eye-like mark which it can expose when 
attacked, but which is otherwise concealed. The 
appearance of the larva in its terrifying attitude is 
shown in fig. 58. 



Fig. 68.—The larva of Aglia Tau in its terrifying attitude with the eye-like 
mark exposed; full-fed; natural size. 

It is obvious that this kind of intimidation re¬ 
quires a caterpillar of a considerable size in order to 
carry it off,* and as a matter of fact we never find it 
attempted by small caterpillars. A full-grown Large 
Elephant Hawk is quite as thick as a small snake, and 
when partly hidden among leaves its length might be 
safely left to the imagination. 

Some reasons why Mimicry is so frequent and perfect in 
Insects 

Although mimetic resemblances are far commoner 
and more perfect among insects than any other group 
of animals, the phenomena will probably be found to 
occur very widely when attention is directed to the 
subject. It is, however, very unlikely that any one 
group of animals employs this method of defence to 
an extent which at all approaches the insects. The 
defenceless character of the group as a whole, the 
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rftiich they are preyed upon by the higher 
xeir enormous fertility, and the rapidity 
the generations succeed each other, are 
y natural selection operates more quickly 
erfectly than in other animals, producing 
semblances or other forms of Protective 
;e in number and fidelity of detail un- 
roughout organic nature. 

Protective Mimicry in Vertebrata 

r is by no means unknown among the "Ver- 
nals. Thus the brightly coloured snakes 
is Elap8 9 already alluded to, are closely 
;>y harmless snakes belonging to different 
Lhe names of several mimetic species, and 
3ances of the same kind among African 
be found in Mr. Wallace's ‘ Darwinism.' 
riter also gives many instances of Mimicry 
Thus the powerful and aggressive friar- 
Malay Archipelago are exactly mimicked 
id timid orioles, representative species of 
)ird and oriole occurring in several of 

i 

wo classes of Protective Mimicry 

mes may be distinguished among the pre- 
aples. In the vast majority of cases the 


1 Loo . ait pp. 261-64. 
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mimicking species is defended against the enemies 

which are afraid of or dislike the mimicked form. In a j 

relatively few cases, however, it seems to be defended 

from the attacks of the mimicked form itself. Thus I 

Bates describes a genus of South American crickets | 

(Scaphura) which closely resemble ‘ different sand 

wasps of large size, which are constantly on the search 

for crickets to provision their nests with/ Another 

cricket resembled a predaceous tiger-beetle, and was 

‘ always found on trees frequented by the beetles.’ 1 

A few other examples will be found in the preceding 

pages. 

Aggressive Mimicry 

I 

In most cases of Aggressive Mimicry one species 
resembles another in order to be able to approach it 
without exciting suspicion. The former is thus able 
to injure the latter in some one of the ways which 
will be described below. Aggressive Mimicry is far less 
common than Protective Mimicry. 

Trimen has shown that hunting spiders are > 

sometimes very like the flies on which they prey. 

The general resemblance in size, form, and colouring 
is greatly aided by the movements of the spiders, which 1[ 

evidently mimic ‘ the well-known movements so cha¬ 
racteristic of flies.’ Bates has described a Mantis which 
closely resembles the white ants on which it feeds. 

In some cases the Mimicry enables the aggressive 

1 Loc. tit. p. 509. 
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form to lay eggs in the nest of that which it resembles, 
so that its larvae live upon the food stored up by the 
latter or even upon the larvae themselves. The bold¬ 
ness of these enemies sometimes depends upon the 
perfection of their disguise. Thus the larvae of flies 
of the genus Volucella live upon the larvae of bees and 
wasps. Volucella bombylans occurs in two varieties, 
which prey upon the humble-bees, Bombus muscomm 
and B. lapidarius, and are respectively like these Hy- 
menoptera. The resemblance is very perfect, and the 
flies enter the nests to lay their eggs. Volucella inanis 
is less like the common wasp ( Vespa vulgaris ), and only 
dares to lay its eggs in the evening at the entrance of 
the nest, so that the larvae may crawl in, or they or 
the eggs may be accidentally carried in by the wasps. It 
is said that the resemblance often fails to conceal the 
fly, which is then killed by the wasps. 1 Some Hyme- 
noptera also live upon the labours of other species of 
the same order, and often resemble the species they 
delude. Thus, bees of the genus Psithyrus closely 
resemble humble-bees ( Bombi ): they lay their eggs 
in the nests of the latter, and their larvae are developed 
among those of the Bombi. 2 

1 Mr. G. R. L. Perkins attributes the cautious habits and frequent 
failure of V. inanis to the acuteness and ferocity which distinguish 
the wasps from humble-bees. 

2 Mr. Perkins considers that the Mimicry is intended to enable the 
JPsithyri to leave the nests after emerging from the pupa, rather than 
to enable the mature females to deposit their eggs in it. 
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The mimicking form may prey upon some animal which 
accompanies the species mimicked 

In certain cases the Aggressive Mimicry is of a 
different kind: the mimicking species preys upon 
some animal which is not afraid of the mimicked 
species, or which even lives in company with the 
latter. Thus E. G. Peckham thinks it possible that 
the ant-like spider, Synageles picata (see fig. 58, page 
256), may prey upon beetles which accompany ants. 1 
As this does not appear to be sufficiently proved, I 
have retained the spider as an example of Protective 
Mimicry. Professor Meldola has suggested 2 that cer¬ 
tain ant-like spiders from Africa, described by Mansel 
Weale, are enabled to approach the flies on which they 
prey, because the latter are not afraid of ants; for 
ants and flies may be seen feeding together upon the 
sweet secretion of the same tree. 

The clear distinction of both Protective and Aggres¬ 
sive Mimicry into two classes I owe to E. G. Peckham. 3 

1 Loc. cit. p. 111. 

2 Proc. Ent. Soc. Lond. 1878, p. tht. 

3 Loc. cit. p. 103. 
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CHAPTER XIY 

THE COMBINATION OF MANY METHODS OF 
DEFENCE 

It has already been shown by repeated examples that, 
although the various uses of colour are quite distinct 
from one another, they are frequently combined in a 
single animal. Thus the larvae of the Elephant Hawk 
Moths (Chcerocampa elpenor and <7. porcellus) were 
shown to be well concealed among brown leaves; but 
they assume a terrifying attitude when detected and 
attacked. I will now bring forward two striking ex¬ 
amples of the different lines of defence which are 
successively adopted by certain caterpillars. 

The larva of Puss Moth well concealed by General 
Protective Resemblance 

The larva of the Puss Moth (Cerura vinula) is 
very common upon poplar and willow. The circular 
dome-like eggs are laid, either singly or in little groups 
of two or three, upon the upper side of the leaf, and 
being of a reddish colour strongly suggest the appear¬ 
ance of little galls or the results of some other injury. 
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The youngest larvae are black, and also rent upon the 
upper surface of the leaf, resembling tlie dark patches 
which are commonly seen in this position. As the 
larva grows, the apparent black patch would cover too 
large a space, and would lead to detection if it still 
occupied the whole surface of the body. The* litter 
gains a green ground-colour which ImnnonifwsH with 
the leaf, while the dark marking is chiefly confined to 
the back. As growth proceeds the relative amount of 
green increases, and the dark mark is thus prevented 
from attaining a size which would render it too eon* 



Cm, m Till* . MM*« «* Hfinlul 'Vh* *.? "h tr* -t, 

full f»4 : utfnrd. 

gpicuous. In tint la»t stage, of growth tin* green larva 
becomes very large, and usually rests on the twigs of 
its fowl-plant (sots fig. 5ft). The dark colour is still 
present on the hack but Ih softened to a purplish 
tint, which tends to ho replaced l»y a combination nf 
white and green in many of the large st larva*. Hnch 
a larva is well concealed by (leneral Protective 
Besemblanco, and one may search a long time before 
finding it, although assured of its presence from the 
stripped branches of the food-plant and the fa ces on 
the ground beneath. 
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The same larva assumes a terrifying attitude (mimetic 
of a vertebrate appearance) when disturbed 

An noon uh a large larva in discovered and disturbed 
it withdrawn its head into the first body-ring, inflating 
the margin, which is of a bright red colour. There are 
two intensely black spots on Huh margin in tins appro¬ 
priate position for eyes, and the whole appearance is 
that of a large flat face 
extending to the outer 
edge of the red margin 
(see fig. f»0). The effect 
is an intensely exag¬ 
gerated caricature of a 
vertebrate far*', which is 
probably alarming to the 
vertebrate enemies of the 
caterpillar. The terrify¬ 
ing effeel is therefore mimetic. The movements en¬ 
tirely depend on tuetile impressions : when touched 
evf r ho lightly a healthy larva immediately assumes 
the terrifying altitude, and turns so us to present its 
full face tow arils the enemy ; if touched on the other 
side or **n the back it instantly turns its face in the 
appropriate d i reel tot i. 



riK wt, Tf^ t.<rv» «f ' 

tnU f> 4 i «i;if filrti 4 M\ 
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Effeot heightened by two pink whip* 

The effect is also greatly strengthened by two pink 
whips which are swiftly protruded from the prongs 
of the fork in which the body terminates (see fig. (51). 
These prongs represent the last pair of larval legs, 
which have been greatly modified from their ordinary 
shape and use. The end of the kidy is at the same 
time curved forward over the back (generally much 



Pitt, <11, rtf fll# fulfill wMjui M'dh, 

rt<blf»i fmin ihtvmntut I***'* | ! , a I 


farther than in fig. 150), so that the pink filaments are 
brandished above the. head. Although the filaments 
are no thicker than a rather coarse cotton thread, 
they are hollow, and contain a delicate muscle which 
runs through their whole length and is attached at 
the top. When the muscle contracts the filament is 
withdrawn, being turned outside in: protrusion is 
brought about by the pressure of the blood, which 
drives the filament before it. The process could 
be almost exactly imitated by fastening a string to 
the tip of the finger of a glove and letting flic string 
pass down inside the finger and out at the wrist. 
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The finger could then he withdrawn by [Hilling the 
Hiring, and protruded by blowing into the glove. The 
filaments are especially used in young and half-grown 
larva'; the larger caterpillars often lose the power of 
protruding them. 

The appearance of the caterpillar is sufficiently 
alarming to human bcingH, and most people boliovo 
that the black marks are really eyes. Jtbsel was 
afraid to touch the; larva when it assumed its terrify¬ 
ing attitude. Izauk Walton speaks of tho black marks 
as ‘ his eyes black as jet,’ in a description which, by 
the way, is a translation of the Latin account given 
by MufTolt (or Moufet), 1 or more probably slightly 
modified from the account In Topsoil's 'History of 
Kerpenth’{!) which is l«»rrowed from Mutfott. 9 


Tits care necessary if we are to obtain experimental 
proof of the protective value of such terrifying 
appearance* 

1 have found that the marmoset was certainly 
terrified by a large Pin;- caterpillar, and although it 
is said to !» gr*»dily devoured by birds, I do not 
expect that the • vpi riment wits earned out in a 
mumier at nil fair to the larva. When a larva is un- 
wmipulomdy Hung into a cage by some one from 

* minknmmm Anwmhttm Thmimw* ftcittilcrfi, 

if/fMi l*:t. 

1 huwtmi* |>» *KKS< 
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whom the birds expect to be fed, it is almost certain 
to be attacked before it has a chance of assuming its 
terrifying attitude. In conducting such fin experi¬ 
ment a healthy vigorous larva should be chosen and 
carefully introduced, bo that it may have the same 
opportunities of defence which it would possess in 
a wild state. 


The larva of Pubs Moth cm further defend itself by 
ejecting: an irritant fluid 

All the defensive measures hitherto described sire 
of a passive nature, hut if further attaeked the raft r- 
pillar can defend itself in a very effective manner. 
The lower part of the red margin below the mil head 
of tho animal is perforated by a slit-like opening twe 
fig. 60), leading into a gland whieh secretes » elenr 
fluid. This fluid is stored up in considerable quantify 
and is ejected with groat force when the ntterpillur m 
irritated. The * face ’ being turned towards any point 
at which the larva is touched, the stream is sent in 
the direction of the enemy. It has been long known 
that this fluid causes acute pain if it enters the eye. 

In working out the chemistry of thin n m-lioit I 
have boon very kindly helped by many eiiiimnf 
chemists. My thanks are especially flue fn IW.-swir 
B. Meldola and Mr. A. (I. Vernon Jfumturt. The 
secretion proved to bo a mixture of formic acid and 
water: in a mature larva the pmjfort inn of acid in as 





COMBINATION OF MANY METHODS OF DEFENCE 275 


high uh forty per cent., and a twentieth of a gramme 
can he ejected if the caterpillar has not boon irritated 
for Home days. Half-grown individuals eject nearly 
hh much, but the fluid is weaker, containing about 
thirty-three to thirty-live per cent, of acid. The rate 
of Heeretion in slow; two days and a half after the fluid 
had lieen collected from two large caterpillars they only 
yielded a fortieth of a gramme between them. 1 Bo far 
as we know at present, no other animal secretes a 
fluid containing anything which approaches this per¬ 
centage of strong acid. 

The value of this strongly irritant liquid is suffi¬ 
ciently obvious. I have seen a marmoset and a, lizard 
affected by it, and have myself twice experienced 
sharp pain as the result of receiving a very small 
quantity in the eye. Although the secretion is there¬ 
fore useful as a defence against vertebrate enemies, it 
is probably chiefly directed against ichneumons. 


The most deadly enemy of the larva of the Puu Moth 

The rati rpillar of the Push Moth is especially 
attacked by mi h im* muon ( Pun i*i u« lYphuhitiit), which 
attaches its shining black eggs to the surface of the skin. 
These eggs are always fixed in such a position behind 
flat head that the caterpillar cannot bite them or the 
maggots which hatch from them, and on u spot where 

* fr»r fwsrtlit'f tt*ijifJ'4 fit litis mm itnjmrt of MrUkk 

IttN7t ftp* 
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the ichneumon would probably escape the shower of 
formic acid. I have never witnessed the attack, but I 
imagine that the ichneumon swoops down upon the 
back of the larva just behind the head, and holds on so 
tightly with its sharp claws that it cannot he dislodged 
by the violent struggles of the caterpillar. Probably 
many fail and arc struck by the acid shower, which 
has a very fatal effect upon them. 

I have enclosed ichneumons of llio genus Pmiinrus 
in a glass cylinder containing the luma-. The latter 
showed not the slightest sign of any knowledge of 
the presence of their deadly foes, until accidentally 
touched by the ichneumons as they were hurrying 
up and down in their endeavours to escape. The 
instant the larva were touched they assumed the 
terrifying attitude and turned towards tin* spot, the 
lips of the opening of the gland swollen by pressure 
from within, in readiness for ait immediate discharge. 
When an ichneumon was held in the forceps and thus 
made to touch the caterpillar several times, the- (laid 
was ejected almost instantly, while the larva also 
made vigorous efforts to bite its enemy with its 
powerful mandibles. A little of tins secretion was 
collected in a tube and placed on the ichneumons, 
which collapsed at once, and cither died or t ook many 
hours to recover. 

When once the eggs are fixed the larva is doomed ; 
the maggots begin sucking its juices as warn as their 
heads emerge from the egg-shell, while the tail remain# 
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firmly adherent in the latter. They are thus tightly 
fixed to the larva hy both ends. The caterpillar is 
nearly always allowed to become full grown and spin 
a cocoon before the maggots have become largo. In 
thin way the latter secure a safe retreat and more 
abundant food. When they have grown largo and 
their prey is shrivelled and almost dead, they lose tho 
attachment to the egg-shell and devour from all points, 
until nothing but a dry and empty skin is left. They 
then spin their own cocoons within that of the cater¬ 
pillar. The latter is also attacked by other parasites 
and probably often by vertebrate insect-eaters. 

A well-protected larva it often especially liable 
to attack 

Thus, in spite of the fact that the caterpillar pos¬ 
sesses ho many defensive appliances, it is especially 
liable to attack, far more so than many other larvas 
which are less protected. Mr. (». C. Bignell enu¬ 
merated seven species of parasites which attack it. At 
first sight this seems to be a difficulty, but we must re- 
mends r that wo are probably dealing with an animal 
which has hem especially attacked for a long period 
of time, and which him been wed from extermination 
by the rejH nted awjuisitinunf new defensive measures. 
But any improvement in the means of defence has 
been met by the greater ingenuity or boldness of foes; 
and so it has come about that many of the best pro- 
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teeted larvae are often those which die in the largest 
numbers from the attacks of enemies. Tin.* excep¬ 
tional standard of defence has been only reached 
through the pressure of an exceptional need. 


The larva of lobster Moth well concealed by Special 
Protective Resemblance 

The caterpillar which I select as a second example 
of the way in which various modes of defence may la; 
combined, is that of the Lobster Moth (Sta urojm* 
fagi), which is rare in this country. Its usual food- 
plant is beech, and when at rest it is well concealed 
by resembling a withered leaf irregularly curled tip. 
The stalk is represented by two long thin appendages, 
which, like the fork of the Puss caterpillar, have been 
modified from the last pair of elaspers. At rest, these 
appendages are held together and appear to he one. 
The second and third pairs of true legs are extra¬ 
ordinarily long, hut the length of each is halved by 
doubling in the middle, and all four doubled-up legs 
hang down in a hunch. They thus resemble in the 
most remarkable manner the bunches of brown scales 
(the stipules of the foliage leaves) which enclose the 
buds of the beech, and hang down after the latter are 
unfolded. The colour, length, and shape of cadi 
folded leg, and the number of legs which thus hang 
down together, are all such as strongly to suggest the 
appearance of the scales. 
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The same larva assumes a terrifying attitude (mimetic 
of a spider) when disturbed 

As soon as the larva is disturbed it holds the 
anterior part erect, and assumes a terrifying position 
which mimics that of a large spider. All the points 
in a spider's attitude and appearance which impress 
the imagination are seized upon by the larva and 
exaggerated for the sake of effect, while quite novel 
touches are added with the same object. The first 
pair of legs, which are not unusually long, are held 
so as to suggest the jaws of a spider, but they are 
larger and more widely gaping than any actual jaws. 
The four elongated legs are held widely apart and 
are made to quiver in the most terrific manner, as if 
the animal was preparing to seize its prey. The hind 
part of the body is turned so far over the head that 
the two appendages project over it, and they are at 
the same time made to diverge. In this position they 
strongly suggest the appearance of a pair of antennae, 
and add an ideal finish to the apparent monster, 
which is, indeed, exactly like nothing upon earth, but 
which is, nevertheless, most effective in its appeal to 
the imagination. When the hind part is thus turned 
forward, its ventral surface of course becomes the 
dorsal surface of the abdomen of the supposed spider, 
and it is appropriately coloured and has an appearance 
of plumpness which greatly adds to the resemblance. 
When the larva is much irritated, it gently moves 
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this hinder part from side to side, and with it the 
antenna-like appendages. This movement also adds 
to the general effect. 

When tho larva is slightly irritated, the position is 
often imperfectly assumed at first, hut as the irritation 
is repeated and increased, the animal adds the various 
details which go to make up the terrifying attitude in 
its most perfect and elaborate form. 


Experimental proof of the protective value of the 
terrifying attitude in the lobster caterpillar 

I offered two of these larva* to the marmitw!, and 
the results proved the importance of conducting such 
experiments with the greatest cure, if reliable con¬ 
clusions are to he obtained. Tin* ttmritioM•< knew 
that my boxes contained insects, and was ahva v i v*tv 
keen and excited at tin* sight of them. Win » the ho* 
containing one of the ‘ Lobsters ’ was opened, the cater¬ 
pillar was seized and devoured before it had time t<* 
alter its position, and before the marmoset could have 
had the chance of being intimidated. The m<o;d 
caterpillar was placed cm the table and made to m enmc 
its terrifying attitude, and then the mannoset waft 
allowed to approach it. Although a caterpillar of the 
same size had just been eaten without the •‘lightest 
hesitation, the marmoset was much impressed by the 
alarming sight, and only ventured to attack after the 
most careful examination, and even then in the moat 
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cautious manner. However, as no resistance was met 
with, the larva was soon devoured and greatly relished. 
I then tried a similar experiment with a lizard, which 
only attacked the larva after a cautious examination. 

The interpretation of the attitude assumed by 
the irritated caterpillar was originally offered by H. 
Muller, and it may be now said to rest upon a basis 
of experimental proof. It is also very likely that the 
spider-like appearance is a defence against the insect 
enemies of S.fagi. This is rendered very probable by 
H. Muller’s observation, that ichneumons keep out of 
the way of spiders and are rarely seen in their webs. 


The Lobster caterpillar - also deceptively suggests that it 
has been already stung by an insect parasite 

But the caterpillar possesses another method of 
defence, if hard pressed by an insect foe. On the side 
of each of the fourth and fifth 
body-rings there is an in¬ 
tensely black patch sunk below 
the general surface and con¬ 
cealed by a triangular flap. 

When irritated, the flap is 
lowered and the black patches 
become very conspicuous (see 
fig. 62). It is probable, as H. 

Muller has suggested, that 
these xnarks serve to imitate the appearance of 



Fra. 62.—The 4th and 6£h body- 
rings (1st and 2nd abdominal) 
of the larva of Ktaurwpwfagi as 
seen from the right side when 
the irritated larva lias exposed 
the black marks by lowering the 
flaps; last stage; x2£. The 
details of the surface are only 
indicated in the posterior part 
of the 6th body-ring. 
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ichneumon stings, or perhaps the result of a struggle 
with some insect enemy, in which the larva has been 
wounded. The blood of caterpillars forms a black clot, 
so that wounds are nearly always black until after 
the next change of skin. 

This is another form of mimetic resemblance—the 
deceptive appearance of the traces left by an enemy 
suggesting that the larva is already c occupied.’ 

The larva of Stauropus fagi therefore bristles with 
defensive structures and methods. At rest, it is con¬ 
cealed by a combination of the most beautiful Protec¬ 
tive Kesemblances to some of the commonest objects 
which are characteristic of its food-plant. Attacked, 
it defends itself by a terrifying posture, made up 
of many distinct and highly elaborate features, all 
contributing to this one end. Further attacked, it 
reveals marks which suggest that it can be of no 
interest to an insect enemy, for another parasite is 
already in possession. 


The failure of this combination of defensive methods 

The caterpillar is so rare in this country that we 
know but little of the enemies which attack it. Two 
parasites are, however, mentioned in Mr. Bignell’s list. 
Its very rarity, however, proves the constant failure of 
all defensive measures. There is little doubt that the 
larva is in the same position as that of the Puss Moth, 
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hut has not been equally successful. The means of 
defence have been the response on the part of the 
organism to the increasing attacks of enemies, and 
the latter on their part have met the response by 
increased vigilance, activity or boldness. Mr. Belt’s 
metaphor of the mutual selective action between dogs 
and hares exactly explains the relation between these 
highly-protected larvae and their enemies, and serves 
to show why it is that less attacked larvae are also 
less defended (see pp. 253-55). 

When we compare the elaborate defence of these 
two much-persecuted larvae, with the far simpler and 
less effective protection of many caterpillars which 
are less subject to attack, we are made to realise the 
pre-eminence of natural selection in moulding the 
forms of life around us for their ceaseless mutual 
strife. 
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CHAPTER XV' 

COLOURS PRODUCED BY COURTSHIP 

In addition to the colours and patterns which assist 
an animal to evade or warn off its enemies or to secure 
its prey, there are also colours and appendages which 
must have some very different meaning. These ap¬ 
pearances are seen in mature animals, and frequently 
undergo periodical development at times which cor¬ 
respond to the breeding season; and when the two 
sexes differ, the males arc almost invariably the more 
brilliant. Although far less important and wide-spread 
than the protective or aggressive colours, they are 
more generally known and appreciated, because they 
are conspicuous as well as beautiful, and aro freely 
displayed by the animals which possess them. 


The theory of Sexual Selection 

However these colours may have arisen, every ob¬ 
server must admit that they are in some way connected 
with sex. Darwin accounted for them by his celebrated 
theory of ‘ Sexual Selection.’ 1 He supposed that 

1 The Descent oj Man, Part ii. Sexual Selection. 
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the aesthetic sense is widely distributed among the 
higher animals (vertebrates and some of the most 
specialised invertebrates), and that the colours which 
certainly appeal to this sense in man, are not without 
effect in causing gratification to the animals them¬ 
selves. Among the other forms of rivalry between the 
males for the possession of the females, there is rivalry 
in beauty and its appropriate display; and the choice 
of the females being largely determined by their 
aesthetic preferences, the beauty and agility of the 
males has been gradually increased. The females 
may share in the growing adornment, for the qualities 
of the male will tend to pass over by degrees into the 
female offspring, although such tendencies will be 
often checked by the operation of natural selection, 
as Mr. Wallace has shown us in a most convincing 
manner. 1 

This explanation of the origin and meaning of 
sexual .colouring is not accepted by Mr. Wallace, 
Darwin’s great compeer in the discovery of the fruit¬ 
ful principle of natural selection, and he brings forward 
many difficulties, and suggests alternative explanations 
in his recent work on * Darwinism.’ 

It is of course quite impossible to discuss this 
most interesting and difficult subject in any adequate 
manner within the limits of the present work. This 
volume would, however, be incomplete without some 

1 Darwinism, 1st edit. chap. x. pp. 268-800. Further allusions to 
Mr. Wallace’s views on the subject refer to this chapter of his work. 
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account of the subject; and furthermore there are 
certain recent observations which seem to me to yield 
strong support to Darwin’s theory. 

Insufficient evidence for existence of aesthetic preferences 

Mr. Wallace’s chief objection is the lack of evi¬ 
dence that the female has any aesthetic preferences at 
all in the selection of her mate. When, however, lie 
admits that display of their decorative plumage by 
male birds is ‘ demonstrated,’ and that the females are 
in all probability ‘ pleased or excited by the display,’ 
he certainly admits the possession of an {esthetic 
sense; while the insufficient evidence that the final 
choice of the female is frequently determined by the 
gratification of this sense, may, I think, be chiefly due 
to want of patient or discriminating observations upon 
wild animals in their natural conditions. 

Seasons for the lack of evidence 

It is a very remarkable fact that the great impetus 
given to biological inquiry by the teachings of Darwin 
has chiefly manifested itself in the domain of Com¬ 
parative Anatomy, and especially in that of Embry¬ 
ology, rather than in questions which concern the 
living animal as a whole and its relations to the organic 
world. And yet these were the questions in which 
Darwin himself was principally interested. 
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-*«ft! Selection in Ktill to wuuo extent nub j tut ice, 
k i»n 1 V hmuisn the v; *^t majority of thorn* interented 
ii A # iuv lint either unntniuHk, mieroHeopintB, twites 

i 4t , f 11 ^ Ii-“ f or colled or*. Iftere nr#* comparatively few 
ti^i^ jiutnmlidir - nun who would devote much time 
i 4 lif l | fir dosed study to watching living animaln amid 
l| lf ,| r liiitnriil Msrmtiitiling^, mid who would value a 
f r# observation more than a beautiful dkmietion or 

it ysn** 1 Hpndiiien. I trust that it may not he nupponed 
I J|| t f J in iniy way undervalue flu* immeiiBe importance 
i f ji#oilier rttihjrtl; hut there ore certain prohlemj 
W they ran n< v»t nilve, and Sexual Selection in 

* #rif i * if thr^* 


TTlifi only reliable miArntm on thin nubjeet mu be obtained 
from fit study of wild auiiaiili in their natural snr- 

H*u»e of fhe ?nm| hrautiful mwoiI eoloum are 
f# among the Joillfillii'H, mid the iiiiiIoh an* fro- 

«|X*«**A*iy far more loinhilv coloured than the fenmlen, 

^fr*. IVwlkrt Ini poinfi d uiif fbt! tlu* only direct 

# “Vi*!* n*e d opp«<*-d to f If* theory Unit any dime# m 

* %sr d hv the f< muTo The ciideiirr depend?# upon 

tit* * ^il^erviitioin! *d $ ntomofogktn upon motha, 

iitifl « sjrdfllly U*n*a? of IV, AleXltluh V Wallace, of Cot- 

f' 11 * upon rtmthirt* Tin* Hlreiigtli of litas 

m vidU*»aee ii! nnieli diatif II by the hid lliiit the tltfiiliS 
i *o bred in captivity, in id f think that tin- fjuesticni 
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can only be settled by careful observation under tho 
most natural conditions. This conclusion is rendered 
probable by the following considerations. 

The female of the Emperor Moth (Scituruia carpi ni) 
is so eagerly sought by the males, that when a virgin 
female is taken into a favourable locality the collector 
is soon surrounded by troops of males which havo 
been guided by a marvellously delicate sense of small 
residing in their branching antennso. Bo delicate m 
the sense that the female is recognised perhaps miles 
away, and recognised as a virgin. Directly mating 
takes place the other males disappear. In this case 
selection chiefly, if not entirely, tends to improve Uio 
sense of smell in the males and the mode and rapidity 
of their flight. The mode of flight is probably im¬ 
portant in enabling the insect to cover as wide a 
volume of air as possible while it advances, and thus 
to stand a greater chance of crossing soma thin 
stratum or current of air in which the odoriferous 
particles are contained. To such a selective process 
we must ascribe the wonderful anteniite of llmm 
males and. their peculiar and rapid flight* Since, 
however, both males and females are very beautiful, 
the males possessing the brighter colours, this 
example seems at first sight to support Mr. Wallace? V* 
views. I shall endeavour to show that the facta arc 
capable of an opposite interpretation. 1 have here 
called attention to the habits of the species, because 
it is nearly allied to Bombyx cynthia , and btoauss the 
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keenness of the males in pursuing the females is so 
well known and remarkable. 

In spite of this very exceptional keenness in the 
wild state, my friend Dr. Dixey found in two succes¬ 
sive years that it is by no means easy to pair them, 
when both males and females are bred in captivity. 
I have had exactly the same experience with the con¬ 
tinental Tau Emperor (Aglia tau), although the 
wonderful antennae of the male show that the powers 
of this species are even more intense than those of our 
own Emperor Moth. If there is such a marvellous 
change in the disposition of these species, it is at least 
probable that similar changes occur in other species 
with more phlegmatic males. The difficulty with 
which the great majority of butterflies and moths can 
be induced to pair when bred in captivity (although 
captured females, already fertilised, will generally 
lay eggs), and the fact that an increased chance of 
success is afforded by imitating the natural conditions 
as far as possible, point in the same direction. 

The argument applies with even greater force to 
many of the higher animals. The effect of domestica¬ 
tion upon the brain of the domestic duck has been 
proved in the most striking manner by Sir James 
Crichton Browne. 1 The comparison between twenty 

1 The interesting facts and conclusions summarised on p. 290 were 
contained in a paper read at the meeting of the British Association 
at Sheffield in 1879. The paper has never been published, but Sir 
James Crichton Browne has kindly allowed me to use the manu¬ 
script. 

U 
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■wild and twenty domestic ducks showed that the brain 
of the former is, in proportion to the weight of the 
body, nearly twice as heavy us that of the latter. 
The average weights were us follows : — 

Domestic <lu«k • • lslti - 7iiH griiiumi-. 

Brain of „ » • <WS70 

Wild duck . . • 11/5,7*Hl Ji 

Brain of „ ... (i-BCS 

Brain weight to body weight a i 1 to 3«iS’31S in domfwtin duck 
„ „ „ I to J7!HSl',*> in wild duck. 

Those results were confirmed by the examination of 
over sixty individuals, in addition to tho forty alluded 
to above. 

Tho effects of this degeneration are seen in tin 
fact that tho ‘ wild duels is, from first to last, a superior 
being, mentally considered, and exhibits an amount of 
intellectual and instinctive acuteness, and force and 
independence of character, to which tin; barn-door 
variety can make no pretension.’ A careful com. 
parison of the habits and instincts of the type with 
those of the domestic race, slants that ‘altogether 
there is a mental sprightliness and momentum in the 
wild duck that have no counterparts in its domestic 
congoner.’ The domestic duck, ever since its first 
subjugation by man, ‘ for eighteen centuries, and not¬ 
withstanding occasional infusions of wild blood, has 
been sinking into imbecility.' 

These facts are also true of many other domesti¬ 
cated animals, and they serve to indicate that Hexual 
Selection can only be tested fairly by the observation 
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of wild forms. This is even the case with the few 
races which have, perhaps, been raised by domestica¬ 
tion to a higher intellectual level; for the mental 
development which has been induced by artificial 
selection has reference to the requirements or fancies 
of man, rather than to the necessities of the species. 


The * Assembling ’ of male Moths 

In many species of moths the males ‘ assemble ’ 
round the freshly emerged female, but no special 
advantage appears to attend an early arrival. The 
female sits apparently motionless while the little 
crowd of suitors buzz around her for several minutes. 
Suddenly, and, as far as one can see, without any sign 
from the female, one of the males pairs with her and 
all the others immediately disappear. 

In these cases the males do not fight or struggle 
in any way, and as one watches the ceremony .the 
wonder arises as to how the moment is determined, 
and why the pairing did not take place before. All 
the males are evidently most eager to pair, and yet 
when pairing takes place no opposition is offered by 
the other males to the successful suitor. Proximity 
does not decide the point, for long beforehand the 
males often alight close to the female and brush 
against her with fluttering wings. 

In watching this wonderful and complicated court¬ 
ship, one is driven to the conclusion that the female 

u 2 
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must signify her intention in some way unknown to 
us, and that it is a point of honour with the males to 
abide by her decision. 

I have watched the process exactly as I have de¬ 
scribed it in a common northern Noctua, the Antler 
Moth (Gharceas gmminis), and I have seen the same 
thing among beetles. The fact is well known to ento¬ 
mologists, and, as far as the evidence goes, it supports 
Darwin’s theory. 

The females of certain Butterflies more beautiful than 
the males 

Another class of facts quoted by Darwin is barely 
alluded to by Wallace; but I think that it will be of 
the utmost importance in deciding this question when 
further and more detailed observations are made. 

The females of many butterflies are more beautiful 
than the males, and then ‘ the plainer males closely 
resemble each other, showing that here the females 
have been modified; whereas in those cases where the 
males are the more ornate, it is those which have 
been modified, the females remaining closely alike .’ 1 
Many examples are found among our British butter¬ 
flies, e.g. the Meadow Brown, the Clouded Yellow, 
and the Whites. The females of such species support 
the males during the marriage flight, while the oppo¬ 
site is known to occur in many other butterflies. It 


1 Darwin loo. tit. 1874, p. 318. 
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is therefore probable that the females take the more 
active share in the wooing, and that the males have 
exercised their aesthetic preferences, and have thus 
caused their mates to be more beautiful than them¬ 
selves. These striking facts were brought before Mr. 
Darwin by Professor Meldola, who informs me that 
he has confirmed the facts by his own observation in 
the field. 

During the past summer (1889) I have seized every 
available opportunity of watching the wooing of our 
common white butterflies (Pieris brassicm , P. rapce, 
and P. napi), and I can quite confirm Professor 
Meldola’s prediction. The females were far more 
ardent than the males, and when the courtship came 
to an abrupt termination, as it generally did, it was 
invariably due to the coyness of the males. These 
facts strongly support the opinion that the beauty of 
the females has been gradually produced by the pre¬ 
ferences of the males. 1 


1 S. B. J. Skertchly has recently (Ann. and Mag. Nat. Hist. Sept. 
1889, pp. 209 et seq.) described a case in which the rare female of 
Ornithoptera brookeana eagerly and persistently courted a male, 
although males are more abundant and far more brilliantly coloured. 
Professor Moseley, on the other hand, describes the courtship of 
Ornithoptera poseidon in the following words:—‘ I once . . . was 
lucky enough to find a flock of about a dozen males, fluttering round 
and mobbing a single female. They were then hovering slowly, 
quite close to the ground, and were easily caught. The female had 
thus a large body of gaudy admirers from which to make her choice.’ 
(A Naturalist on the ‘ Challenger ,’ p. 873.) The wide difference be¬ 
tween these two accounts of courtship in closely allied species, proves 
the importance of making many observations before we can hope to 
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Disappearance of the beauty of males when the 
females become degenerate 

I will now return to the Emperor Moth, and 
attempt to show how its bright colours can he ex¬ 
plained by the theory of Sexual Selection. In its 
present condition the female is certainly passive, and 
probably always accepts the attention of the first male 
to arrive. The antennae, which are so wonderfully 
complex in the males, are simple and rudimentary in 
the female, and probably valueless as sense organs. 
We must therefore believe that the conditions which 
produced the bright colours and patterns are now at 
an end, and that their disappearance is only a question 
of time- And there is evidence for both these con¬ 
clusions. 

If we examine the female chrysalis, the antennae 
are seen to be large and well-formed, and altogether 
out of proportion to the slender thread-like organs 
which are formed within them. The antennae have 
dwindled in the moth, but so recently that the pupal 
organs within which they are formed have undergone 
but slight diminution, if any at all. This most inter¬ 
esting fact was brought before my notice by Professor 
Moseley. Here then we have the clearest evidence 

reach, a safe conclusion. Professor Moseley’s account is, however 
supported by a large number of observations upon other species, in 
which the relation between the sexes resembles that obtaining in 
OmitJiqptera, 
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that the female Emperor was very different from the 
inert creature I have described. In the full posses¬ 
sion of her faculties, she doubtless took that intelligent 
interest in courtship which is to he expected of every 
properly endowed female. 

I have nine) maintained that under those circum¬ 
stances the colours itro likely to disappear. Such a 
conclusion can lie tested by emmittmg other species 
in which the degeneration of the female is more 
complete, and Isas doubtless occupied a far longer 
time. 

In another genus of HombyccM (Oryyia), some of 
the females (of which the common Vapourer Moth is 
mi example) nre far more degenerate. They never 
leave the cocoon, 1ml iny their eggs all over it; their 
iiiiteiiniii and wings lire rudimentary. The male, on 
the other hand, flies actively about and lias enormously 
developed iinteiiiue. Hum'ss in courtship is almost 
ririiiiinly it mere question of speed and keen scent . 1 
In this mm* the nude w very plainly coloured in 
various shades of brown, but he still retains a trace 
t if fit ■*>, wmkhed btmify in it white spot in Urn cuitro 
fif #iirSi kit** wing. An * Humiliation of the pupa shows 
tu Unit flu female mice pmhmHtd larger wings and 
more perfect Hcn-e orgi ms, 

In /yip'/** and iillitil genera the change has pro- 

1 Mr, I. B 1 a* h*m't t* JU in* flint life e. nut tie* ritM»; 

f<-i %t*thnU f it» hi* p**it«* . i# I»*.*#•♦! It.e Ill'll tnnh> %%'litvh nrriieif. 
1 fa* i i* vj** # t| <> n* t«r*' M*»Ue «Vr M ■iiiiii> la iiniiciite 

On! *>'<**)* fiii i4 vmy 
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ceeded much farther in the same direction. \n 
most degenerate species the female is a mere * 
eggs, without limbs or sense organs; she doc # 4 
even leave the pupa-case, but thrusts out the oM' i 
her body that fertilisation may take place. In the j* 13 
case of the most degenerate forms, no distinct trio' -1 
former organs can be made out, but in that of cor ? 
closely allied species they can still be recogni 4 
although in a very rudimentary condition; in of 
again, still more distinctly. In the extreme ft 4 r 
the degeneration of the female has proceeded 
as it is possible to go, and in all it must be excessI * 
ancient. The males of nearly all Psychidce arc? * 
racterised by a uniform sombre colour of a brow # * 
grey tint; all bright colours and all traces of put < 1 
are almost invariably absent. 

The successive degrees of degeneration and n * * * 
dant loss of colour by the males have been trar* f t 
species all of which belong to the Bombyces; 1 

males are in all cases day-flying. The day-fl v j 
Bombyces, in which the females retain full possm^i 
of their faculties, are remarkable for the bright 
and beauty of their colours, and this is true of ap* * 1 
which are probably without any special protection 
a disagreeable taste or smell. 

The condition presented by the Psychidm wm n 
gested to me by my friend Mr. W. White. I could j 
many details which seem to explain the cause of *; 
degeneration, but this is unnecessary for the prt 
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purpose. The comparison, which is, I believe, now 
made public for the first time, appears to yield a very 
strong support to the views of Mr. Darwin on this 
question. 

Sexual Selection tested by the courtship of Spiders 

Mr. Wallace quotes an opinion against Sexual 
Selection which is certainly of the greatest weight, 
that of our eminent authority on spiders, the Eev. 0. 
Pickard-Cambridge. 1 I am therefore especially pleased 
to be able to refer to an American paper which has 
appeared in the present year (1889), describing the 
most careful observations upon the courtship of 
spiders. 2 As the result of their investigations, especi¬ 
ally directed towards the solution of this very question 
of the existence of Sexual Selection, the authors come 
to a conclusion which is the opposite of that drawn 
by Mr. Pickard-Cambridge. 

The spiders of the family Attidce, which were the 
subjects of investigation, appear to be very suitable for 
the purpose, because courtship does not appear to be 
checked or modified by confinement, as it is in so 
many Lepidoptera. The amount of labour spent in 
this admirable piece of work may be gathered from 

1 Darwinism , pp. 296-97. 

2 Occasional Papers of the Natural History Society of Wis¬ 
consin,, yoL i. 1889, Milwaukee. Observations on Sexual Selection 
in Spiders of the Family AtPidce, by George W. and Elizabeth G. 
Peckham. 









298 


tiik colouhh m AsmAUH 


the fact that the authors ‘often worked four or !hv 
hours a day, for a week, in getting a fair i*l«*a of \\\t* 
habits of a single hjk* 

The courtship of Hniik pul< r appear* to be » 
most elaborate affair. A imih* \\w* pin* * d in a hn% 
containing a mature female. • If*- Imr ,o* < h 
stood perfectly still, twelve ho lm- huhy; Ih* ytiir. 
seemed to excite him ami la* umv* 4 foi^rd Inr; 
when some four inches from her ho *iil a 
and then began the? most reiimrimble p* tt^rmnn^ ♦< 

tlnit mi HsiioruU 4 tiiiili 

rniilfl offer to mi ad loir* 

ill 1C fiiiinlr, She ryw! 

I11111 «*iigerly v rhniiguig 

her portion from linio 
to fitiir* fin that lie might 
be nhviiyM In vii*w. Hr% 
raising iii« wlmh* Jimly 
nil mm mh by ^tniinlil « 
taiing mil tin* fog*, mul 
hmmim it u%% the mlmr 
by folding the first two pairs of lr$w up mini ini«|^r fr h am- 
so far over as to bn in danger of hmnp, Iin faking 
which he only miiiiitiiineil by sidling rapidly to%iu*«k 
the lowered side. The palpa*, too, on 1 In- -ob 
turned back to correspond to the «tj r «rfiot; of ih* j, ^ 
nearest it (see fig, fill), if. riM *4 j„ w 
for about two iiichcm, mul tin 1* itiMwdlY r< r*ed Ot«* 
position of the legs ittnl t*ir#*lr d in tin-/ *<|„ r pitdf< d*i 1 *• * 
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lion, gradually approaching nearer and nearer to the 
female* Now hlif dashes towards him, whiles he, 
nixing JiIh first pair of legs, extends them upward 

iiinl forward m if to hold her off, but withal slowly 

ref resit*. Again mid again ho eireles front Hide to 
Hidn she gnaiug towards him in a softer mood, evi- 
df inly admiring the grace of his antics. This is re¬ 
pealed until we have eonnted III circlos made by the 
nrdeiit lit tie male. Now he approachos nearer and 
nearer, ami when almost within reach, whirls madly 
around mid iinniinl her, she joining and whirling with 
him in ii giddy maze. Again he falls hark and re- 
HtitiieH (its semicircular motions, with his body tilted 
<»v* r; hhi\ all excitement, lowers her head and raittOH 
her li-niiy mt tiinl it is almost vertical; both draw 
nearer ; she moves slowly tinder him, lit! crawling 
over Iter head, and the mating is accomplished. 
After they have paired once the preliminary ctmrt- 
sliiji ii not m long** On one otfcuision a female was 
the more eager of the two, but this is evidently 
\t ry r pOniiai, Tie h nude ahum* watches the 
oidi«*s r 4 flm nude \nU ittly, hut often refuses him 
in l)»i t ml, ‘uni ii ih r duuemg hefori! her for a long 
Idee. 1 hiedi fik-» i nditiun strongly point towards 
the t \bu iK*' of it untie pi* tfivnre based on icsthetic 
considerations. 

fti mua* Mnniraw 1 the fi malesseemed to have 

ihiirnJly in rhooMOg from among the mules, hut 
a decision bad Isrcn reached* and is male accepted, 
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there appeared to be complete agreement.* /<’»'«* */n mi >■ 
watched for hours under nattirnl condition a« well a* 
in confinement. ‘ A dozen nr more mab r ami about 
half as many females wen* asM*mblod tog. On r within 
the length of one of the rail**. The mul* s were 
rushing hither and thither, dancin'; oppose m«\v on< 
female and now another; often two nmb * net *u<h 
other, when a short passage of arm < follow, d. Tiny 
waved their first legs, sidled hack and forth, ?»»d 
then rushed together and clinched, hnf <pm*l,ly <,< pa- 
rated, neither being hurt, only to run off in *,< :tr<h »i 
fairer foes.’ 

The dangers of courtship were also <ffn nwit)t< H*> <l. 
A male of Ilamirinn Ih’i/i continued to advance aft* <■ 
the female had shown signs of impatience, ' wh* n <dw 
seized him and seemed to hold him by th* h« mi for a 
minute, ho struggling. At bmf he fr> * d bim* « !f ’in<i 
ran away. This same male nit* r a time ruurnd t»«* 
successfully.’ The main of /'/mhppn# jn»n«« tee caught 
and eaten when he insisted njsm showing >.ff hi * inn 
points too persistently. The single female nf I’keftpp. v 
morsitans under observation ‘ was n savage », 

The two males that wo provided for h> r laid off. s * d 
her only the merest civilities, when idse 1»ap»d v|...u 
them and killed them.' The first pair of leg* s». long 
and covered with white hairs in tin- mab ; ‘ a «e. 
while one of the males was waving them hand -*ue 
legs over his head that he wan sciz»-d by hi?* mat*' and 
devoured.’ 
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When the males possess any special adornments 
they make a point of displaying them as fully as pos¬ 
sible. The male of Synageles picata (see fig. 58, page 
256) has the first pair of legs especially thickened: 
‘ these are flattened on the anterior surface, and are of 
a brightly iridescent steel-blue colour. 5 As. he is ap¬ 
proaching the female he pauses ‘ every few moments 
to rock from side to side, and to bend his brilliant legs 
so that she may look full at them; he could not 



have chosen a better position than the one he took to 
make a display.’ In fact, his attitude appears to have 
first directed the attention of the authors to his pecu¬ 
liar beauty. The male of Dendryphmtes capitatus has 
a bronze-brown face, rendered conspicuous by snow- 
white bands, and, whether intentionally or not, he 
assumes an attitude which serves admirably to expose 
this feature to the attentive female. This, however, 
is by no means his only charm, and his ‘ antics are 
repeated for a very long time, often for hours, when at 
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last the females eithm* won by his bmiilv or worn uni 
by his perHwlenn*, am'pU hit* a<Mr» puu,’ In f hr 



niair of , ,‘i» 

turn i/4« p«/»/m flii< 
nl«l*t!iiris h uf n 
umi\trilh'> uf jiiir- 
j >1 juli n 4 iii *4 Ii*' 
nmumra an atfb 
Iii4r ^hit'll db-play* 
tlii. b*aufy if iv 
p*iliijtli ft-Iy Kmi 
iHh »*l). 

lilt 4 **Um' u| 


I’m, l<%, A*tM i-f/ti/i; <,j Mi \ it i ^ 

of JHJilo itJtprUtt'ioOt? 0^*1. | *UiI + ,,s# 4 ? 



I Ifl Mi 1’!/,| r O r 'U, Vjfcti / ; t , J , , , . 

*« 4 , f low 4 | J I 4 , i I # f , ,< f , 

rmmimmh 


Ji-iitti nfUitn is i s- 

jft4itl!y int* r*’^f iii| f , 
If»’fiuiU‘ flit ri j ar# 

f^u wrll maria 4 

utriifiiu **f in,il#n 
mu* r*sl Jiba IU*> 

fi'iiiiil* - f ii,n4 fj| ¥ 
«#llif*r iiJnai li 
tllfia* In ft uf Jiiiii’ 

*HI tltr rrjiliaJn. 

thm'iix* Tip 4 

ff*rt$iH}m s^inforarii 
olli* r f alfjpdinli flm 


tiiff%, finly urrtif iii 

th« fully <l(!Vclo|H tl /!/;/> r form. Tin- aHihi.K 
raovomoHtH uf tourtKhlji urn mfut ly 4 itU n M it. ili». 
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two varieties (compare figs. 65 and 06) : 4 the nirjer 
form. evidently a Inter development, w much the more 
lively of Hu* two, unit whenever the two Vftrkitkm were 
seen in compote for a female), the black one was 
sui*fVH*«fui,’ It iiiimt bo admitted that these facts 
iillinl llie n#i|i|n#r/ to the theory of Baxual 

Selection. 

f have quoted much from thin important paper 
because, us fur m I uift aware, it m the only attempt 
to wive the question by the systematic observation of 
courtship in a single group of animals. Many other 
equally interesting ami significant cases are also re¬ 
corded, and tin* paper in profusely illustrated with 
r* pivb* ntutiom of tin? most cdiaractorintic attitudes, 
A* the rt *tilt of tliii whole body of observations the 
fiiuiiori lire of tlienjiiiiiiiii that 4 in tho AUidm we have 
r* ♦uchinive evidence flint the females pay close attention 
to the lore dunces of tho mates, and also that they have 
no! only the power, hill the will, to exercise u choice 
fiiiiojtg the suitors for their favour,* Hemembering 
licit flits conclusion has only been reached in the 
Mod,* hs tin do-* a nimiy, 1 think wo tnay safely 
rtpkiiu tli*- ,-fiudi* r confidence with which wo citn 
■•peak of oile r mutuals l»y tin* want of Miiilciently 
careful fin»i MUjoatie investigation* 
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Display in courtship occurs in plainly coloured as well 
as in ornamental species 

In speaking of the display of decorative plumage, 
Mr. Wallace remarks: ‘ it in very suggestive Unit simi¬ 
lar strange movements are performed by iimny birds 
which have no ornamental plumage to display.’ The 
same facts are probably true of all groups of animals 
in which the males of certain species are specially 
adorned. It was certainly the caw* with spiders, mid 
the ‘ assembling ’ of the males of the sombre Antler 
Moth has been already described. 

The great beauty of many appears nee* which are, 
nevertheless, of extreme importimee mh l’roterthe 
Resemblances, is doubtless explicable in tin* same 
manner. It is likely (hat all visible parts of the 
organism, even those with a definite physiological 
meaning, appeal to the esthetic sense of tin opposite 
sex. The harsh contrasts ami gaudy colours of wain, 
ing appearances, and the sombre tints which bring 
perfect concealment, must alike jutm-ss n meaning in 
courtship, hut the tendency towards Urn develop 
ment of higher forms of beauty is rigorously kept 
in check by natural selection. Remove the chirk or 
render it less exacting, and the tendency at once 
manifests itself (see pp. till 13). 
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Smh tmU point towards the existence of a wide-spread 
mthetie s#»«i la the higher animals 

All mvh fm*ta t#ikr!i together mmm to mo to mip- 
jtfirt fSit* opinion tlml 1111 ni4hi4b Henna exintB in tlio 
of all griinjiii in whirl* courtship in ammiptmiod 
hv display of iiny kind, and that tlm males via in 
gratifying tlil» hhiho iih far as poHHihlo with whatever 
rinlum'iiiwiti tiny may possess I tirllme that more 
extruded observations like thorn* upon apiders will 
pom that any variation of the main in Hit* direction 
of greater adornment will, if not disadvantageous to 
the sperms, increase the chances of mmmm in eourt- 
rliiji, A'i Midi new points arise the attitudes and 
will ho modified in order to show thorn off 
to the great* st perfection* 

Mr. Wallace, whale admitting the display and the 
pleimnre given liy it to tint females, considerH that it 
l#y no means follows that flight differences of shape, 
pattern, or colour would h ad n female to prefer one 
uuil*'' to iiiint!in% * .dill h m that all the females of a 
#4jat d* s, Hi da gnat majority of thorn, over a wide 
area of man try, find for many successive goiictriiticitm, 
proffer exactly the mnm modification of the colour or 
tirimnioiif/ 

If, however, we consider it hypothetical ease in the. 
light of ituri-rfiitiiiid facts, I ho probabilities do not 
mmm to favour Mr. WaUitctt's opinion. lad m Http- 
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pose that the ancestor of Synageles picata only differed 
from this species in having the first pair of legR 
coloured like the others. The whole body of facts 
brought together by G. W. and E. G. Peckhani 
strongly support the opinion that any variation of tlio 
male with rather more brilliant first legs would bo 
preferred by the great majority of females, and that 
the character and its display would be improved 
during successive generations by their continued 
preference. 

The courtship of the Argus Pheasant 

Mr. Wallace says that it was the case of tlio 
Argus Pheasant, ‘ as fully discussed by Mr. Darwin, 
which first shook my belief in “ sexual ” or more pro¬ 
perly “ female ” selection .’ 1 

Since Darwin’s description and Wallace’s objection, 
Mr. Forbes has given us an account of the habits of 
this bird in its native country ; and the elaborate din- 
play of the plumage by the males and the evident atten¬ 
tion of the females, render it at least probable that 
the latter have decided opinions as to the relative 
beauty of their suitors, and that their preference** 
have led to the gradual evolution of the wonderful 
markings, shaded so as to represent ‘ balls lying loosely 
within sockets .’ 2 

Mr. Forbes tells us that the bird makes f a la.rjge 

1 Tropical Nature, pp. 205-206. 

2 The Duke of Argyll in The Beign of Law , 1867, p. 203. 
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circus, some ten to twelve feet in diameter, in the 
forest, which it clears of every leaf and twig and 
branch, till the ground is perfectly swept and gar¬ 
nished. On the margin of this circus there is invari¬ 
ably a projecting branch or high-arched root, at a 
few feet elevation above the ground, on which the 
female bird takes its place, while in the ring the male 
—the male birds alone possess great decoration— 
shows off all his magnificence for the gratification and 
pleasure of his consort, and to exalt himself in her 
eyes. When the male bird has been caught . . . the 
female invariably returns to the same circus with a 
new mate, even if two or three times in succession her 
lord should be caught.’ 1 

Although the head of the male is completely 
shielded by the immense fan-like expansion which he 
unfurls before the female, he can judge of the impres¬ 
sion he is making by pushing his head between two of 
the feathers, or by peeping round the edge of the fan. 2 


The complete subordination of Sexual to Natural 
Selection 

Every one will admit that such a process as this has 
been rigorously checked by the far more important 
process of Natural Selection. But it does not there- 

1 H. 0. Forbes, A Naturalist’s Wandermgs in the Eastern Archi¬ 
pelago, p. 131. 

2 Darwin, The Descent of Man, 1874, p. 398, et seq. 

x % 





308 


THE COLOUKS OE ANIMALS 


fore follow, as Mr. Wallace argues, that ‘ the 
female preference will be neutralised by Natnr 
tion.’ It must be remembered that such pr< 
can only decide between males which have 
successfully run the gauntlet of by far the 
dangers which beset the higher animals, the da 
youth. Natural Selection has already prone 
satisfactory verdict upon the vast majority of 
which have reached maturity. The male w 
only just passed this test, and is nevertheless 
because of some superior attraction, will soon 
and will leave far less offspring than one < 
or perhaps inferior attractions, which is fitte 
for the natural term of its life. Further re 
offspring of the former will stand a greater c 
failure than those of the latter. Natural Bele* 
qualifying examination which must be pass* 
candidates for honours: Sexual Selection is an 
examination, in which many who have passed 
vious examination will be rejected. But the ec 
for qualifying are more rigid than in any 
system; for the candidates who have barely c 
or have qualified by some piece of luck, or ha 
to keep up to the necessary standard in a: 
will in the end be excluded from the advantage 
honours they may have gained. 

Mr. Wallace states that * the action of 
Selection does not indeed disprove the i 
of female selection of ornament as ornam 
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it rankfi’ii it cmtirnly ineffective.* Thin opinion can 
iifiuiJy l#«f inaintaiiiid if w«? believe that Buch prc- 
fi'rHiri 1 liiiiiH to tin* failures comparative or complete, 
of tlir plainer or 1ch« gran-fitl unites, although the equal 
in idler n >prcth of their more successful rivals, 
Kuril of th*'*io two processes will check the other; 
Natural Hdiclkm will ensure that the mules which 
huerrrii huciuthc of their beauty are among the fittest ; 
Sexual Selection will ensure that the males which suc- 
rmt on account of their 4 fitness ? are among the 

tftml IwilIltlfliL 

When ceurtiMp ii decided by wager of battle, Sexual 
Selection is hardly called into play 

\\h n flu* mule* linhifnitlly fight for the poBsession 

of f!*r ft mull anil courtship in determined 

by lietury, fin* results arc, m Mr, Wallace points out, 
4in to Natural Hebriinit rather than Sexual Selection. 
It h # t think, in favour of Mt\ ibtrvvin’s theory, that any 
r* iiiurkablo beauty of colour or pattern m generally 
uh^n* ■vUenthe p*oo , ion of tin tVifiiilt* in clctcrtuhuul 
h\ \\4An of biiHl* ; ditic the special winpotwof such 
foirboo a i* &eu» mih want mg when any peculiar Iwauty 
rvi^f %; flirro ar», iimtr^i r# exception* to this rule, Mr, 
Wallace point** <>m that 1 itlumA all main animals fight 
together, though util specially armed/ but thorn is no 
rvnb m%‘ hi show that eourluhip is frequently ciecictecl 
in tliii way. 
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Battles between males are often quite unimportant 

Kofiuringaguin to fh*' «il Mi* family \$u*L f 

wu rifiicl, in tin* jwjirr #|ii#$t#^l un $*. ‘25* 7 f ?1 4 f k.tfl* * be¬ 
tween the males wiT*MvtrHin Wvnumwu in !h»* hr# * ding 
Keanou, but not m** in**d b* mine *4’ th* m , ,iud f ityy 
appeared to lifOiiijirniifiy iiuimpirfau! m d« o naming 
the WHtiii of courtship' Two tunb id 
btitiniy * Unit w«*r« ill* phi vino befor* ho* f* , m de 4 
savagely nptiii fiirli other and fought mr ho un«d:%M 
minutes, during one round ru«4ifiiing * ItieT* 4 fw 
nh minutes. . * Tliv oimlof^uf lippm**! fir* 4 
at tin* Hose rtf the baffle* but nfb r i Hmit x * f f m* r* 
perfectly well, iin4 fought n imntler of tiim? -tub'# * 
quently/ Eight uv ten limb* of fie- v< ri ipnirr* h<me 

Ih 4 )t{Irttph*itit**t nipiMmi in» jmi sit j* if*r 4 : • t %in # 

wcs?kh of hard lighting vu w» r* unuhb to de^u* r on» 
wounded warrior/ Tin* muilur mute* ar* prniably 
often driven away, lint tin crmial guild m euiutidnp 

m to win the eotntettf of flu* femnb , and fliift '**< m* to 
have boon obtained by iltc fitrftre nlr# tidy «h *rtih d, 
Mr, Wiilliiifii refeas to flu* b»jffletf of htiifrt'llh u hd 
such struggles tire neither mmmmn enough um fii.il 

enough tribe of great importune*' in fmtftHttjf f lm» 
turner ureniiny mlimium utn Hrtiggh ? > *m * * m* 

Ming * Mfit«fn t and tin rnitrfHrip «4 buth i&« i * 

rally allowed to jiniriid unmolested in jin* pi**» t # r* 
of other males, nithotigh iiiteifermr^ leading to » 

mild kind of itrtiggifc ti by tto m« un* tmmmtwm* 
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The colour* displayed in oonrtship are generally concealed 
at other time* 

Tho iva-rh-M .sway of Natural Beketioti overall 
tie? rt'Mill :•< **( in well amt in the arrange* 

titrtii^by which any mtinplritotw adornment is con- 
ftrialrii until it h wanted. Thu brilliant logs of the 
nmle wrn only observed when they wore 

being Hpifoially displayed: tin* bright colours of the 
tipper hide,* of flu rnitign of uumt ImlterllieH are eon- 
e* :d«*d by i!p -ombre and \m dertivn tints of the under 
; id* »* * x* 1 * ji! during flight amt the abort pauses between 
I ho tbghU: flit' bright tinder wings of many moths 
nr* /imiluly rotam-alrd by the upper wings, which bar- 
mollis with I ho tiummmlings, 

f hi eolours displayed lit courtship are specially developed 
and specially conspicuous in species which are best 
adapted to their conditions 

\ii inf*'?/* -Img railin' f k uffoulcd by Bpeehm which 
m* <-*» j^rb ,-dy ;&dnpf**d to their eomlitionrt that free 
pUy %* givf'ii |m S seal H* lection: in theta?, the colours 
or appendage** iiw 4 in rmtrMiip titab? up the chief 

jwirl of the «iiitl* / 4 t iijijtuiniriei% Mm Wallace points to 
tin" fibiiiidfur** of birdn of }t#imdfV in New litimea, 
ntni of |,irnfowli» in India, m jtrwfVi that these species 
urn- ^ ^j^^irilly well < in the battle of life, and 
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he bdieve.4 that seepe ban tint' !*<*♦ ft 0H1 n m da * .«n*. * 
which have produced f Jo m \nul sub a nm* i«l. # ! hi 
argument of cottrM* hold* M^d, if w* ,io r *m 
pulled to reject the cau^e* vtipm^ed to him, .1 dll 
hotter example h affords d by the VuMrahati pip* «m> * 
which * an* HomHime adorn* d with v\me 

with theme of the guyed fMfrelr and drito m r < ’ Mr* 
Wallace e\plniim thU fact im dm to * flu * on*** ato<* nr* 
of monk* ye, mf.% h mur, Wf;m«! f eh»! a eel uttoi 
arboreal mammal* *; while fie ^hhi m tour *d fie 
upper purl may he due to fie \%* * d *4 erne * .duo of 
from bird* of prey. In m*me mull tornT* *4 the 
FrieiJk, mlierim4ltdi tot < urn very »nto *, fh* pto^m 
limy anHUiim u ilrli yi iluw rnloutV \V< < * * *to- mmic 
tendency in Hume pt* due* *cm who li hm# lift I* 

to tour, tuid which nr* mm ft enough m n*u*l; tto u 
prey without attempt at roue* aim* m 

TOte imgem of bright sexual #?#i»sfii§g may If averted 

by extreme wmmm 

In many nthi t» the dung* r inciirr* d by da 
meat of hcxiiiiI colour 4 may b** liulitic §4 by tic- H|/»<mtl 
development of mum <jiiiilify Mirti a* eittenM \mtim 
I was vt ry nm*li ' \nw\% by the npj#' mu um!U >*f 
colouring exhibited by the thdi w)d*-h am* mfo m# I;* 
abundant at low water in the roi k p'*v< m i#o/ov^» t 
Teneriflfe* The colour* of mum vm iv < <tr* m» h I* ***?$$- 

1 WnIIflfC, llOlriittfieii *f Jv>w# 04 I I' <*>/, 
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till ninl bright, Imt thorn* turn always very nhy and 
dillieult to catch; others were protectively coloured 
nud i xaetly resembled the Hand, rock, or Hcu-weed, and 
these when detected were easily captured. Professor 
W. A. ilerdtimu of Liverpool lata also observed the 
MtUHi facts in other groups of marine animals. 
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(JHAlTKil XVI 

OTHER THEORIES OF SEX till, t t./V, 

It now remains to consider the «*:juh< > which Mr. 
Wallace and other writers hcUtivc to lmols«n« tl'micnt 
in producing sexual colouring. 

A wide extension of the principle of Recognition Mark* 
ings is believed largely to explain sexaal colouring 

In tho lirnt place, thin distinguis'le <1 nut oral* i 
very widely extends the principle of ii<M»rS»* 
ings, and believes that one of tin* chief nteatuu-• of 
sexual colouring is to enable ' the wm*.* U> m ognt 1 ■■ 
their kind, and thus avoid the evils of infertile ernes*'.*,’ 
Thus he considers (hut‘among insects the principle 
of distinctive colouration for recognition lm< prnbaUy 
beon at work in the production of the woud<rf<«l dh* i 
sity of colour and marking we find every when . o.<<r« 
especially among the butterflies and moths: and bur 
its chief function may have been to Horn tb** pairing 
together of individuals of the same sj ’ 
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Recognition between the sexes appears to be complete, 
and infertile crossing does not occur even when 
two species closely resemble each other 

To this it may be replied that pairing between the 
individuals of distinct species is extremely rare, and 
does not seem to be any commoner among species in 
which this means of recognition would lead to failure. 
If the resemblance between the white variety of the 
female Clouded Yellow ( Colias edusa, var. kelice) and 
the female Pale Clouded Yellow ( Colias hyale) does not 
lead to infertile pairing; if the practical identity of 
the Sallow and Poplar Kittens ( Cerurafurcula and C. 
bifida ), of the Swallow Prominent and Lesser Swallow 
Prominent (Leiocampa dictcea* and L. dictceoides) , of 
the Common and Dark Dagger Moths (Acronycta psi 
and A. tridem), does not lead to dangers of the kind, 
we must conclude that wide differences of colour and 
pattern cannot have been produced by a gradually 
lessening number of infertile crosses. 

In the case of mimetic species, it is a comparatively 
common thing for the female of one species to be 
chased by the male of another, and yet, in spite of a 
wonderful superficial resemblance between the females, 
it is very improbable that the courtship proceeds 
beyond its most preliminary stages. The same is true 
of the Clouded Yellows referred to above, and of 
Clouded Yellows and Common Whites. These, and 
many other examples of the kind show that this means 
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of sexual recognition may, and frequently does, fail 
without injury to the species. 

One of the most fundamental instincts provides 
for an unfailing recognition between the sexes, in 
which certainty is ensured by the unanimous witness 
of all the senses, so that even the closest resemblance 
between distinct species does not appear to produce 
any evils of the kind suggested by Mr. Wallace. 


The necessity for Eecognition can never explain the 
aesthetic value of the results produced 

It may also be urged that the beauty of the colours 
and patterns displayed in courtship can never be 
explained by this principle. For the purposes of recog¬ 
nition, beauty is entirely superfluous and indeed un¬ 
desirable ; strongly marked and conspicuous differences 
are alone necessary. But these, which are so well 
marked in Warning Colours, are not by any means 
characteristic of those displayed in courtship. 

If an artist, entirely ignorant of natural history, 
were asked to arrange all the brightly coloured butter¬ 
flies and moths in England in two divisions, the one 
containing all the beautiful patterns and combinations 
of colour, the other including the staring, strongly 
contrasted colours, and crude patterns, we should find 
that the latter would contain, with hardly an exception, 
the species in which independent evidence has shown, 
or is likely to show, the existence of some unpleasant 
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quality. The former division would contain the 
colours displayed in courtship and when the insect is 
on the alert, concealed at other times. 

The immense difference between the two divisions, 
the one most pleasing, the other highly repugnant to 
our aesthetic susceptibilities, seems to me to be entirely 
unexplained if we assume that the colours of both are 
intended for the purposes of recognition. But these 
great differences are to be expected if we accept Mr. 
Darwin’s views; for the colours and patterns of the 
latter division appeal to a vertebrate enemy’s sense of 
what is conspicuous, while those of the former appeal 
to an insect’s sense of what is beautiful . It is, of 
course, highly remarkable that our own aesthetic sense 
should so closely correspond with that of an insect. 
I believe, however, that it is possible to account for 
this wonderful unanimity in taste. 


Our standards of beauty have been largely created for us 
by insects 

Our standards of beauty are largely derived from 
the contemplation of the numerous examples around 
us, which, strange as it may seem, have been created 
by the aesthetic preferences of the insect world. One 
of the most fruitful inquiries originated by Darwin 
has been the renewed investigation of the marvellous 
relation between insects and flowers, a subject which 
had been previously attacked by Sprengel in 1793. 
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Darwin’s work lias been extended by others, mid 
especially by Hermann Muller. Ah the result of tie n 
investigations it is now well known flail tlm fertilise 
tion of flowers ban been largt ly earned on by 
agency, and that bisect prefer* net i* lia\e il? mini nc 
to the colours and patterns whh b prevail among the 
wild flowers of any count!yd Tim- is nmi g* m rally 
admitted, and its Mr, Wallace him elf p »inp «oaf f * we 
have abundant evidence that when* ver iiiorf ap< say 
becomes eomparatively irsefli rlivr, the rnlmu> of the 
flowers become less bright, lb* sr M/e and bounty 
diminish, till they are reduced to mrh riimll, yn rnb.h, 
inconspicuous flowers m thorn* of the rnpf ure-wor? 
(Hermann (jlulmt) A 1 

But if thin conclusion be am pfr«h if the Inanity 
of flowers bits followed hi completely from ime«i 
selection, lire we not eompi lb d to admit that finer!4 
possess ini lent hi tic ft vim* n hum which could die* 
criminate between the slightly «liff<nnf iilfruribui^ 
displayed by suitors, junt m we nil admit that it hm 
dismitiiiuited between the sightly ditferent mmnrnm 
displayed by flowem f 

1 Commit Thr *<f b'lmui t # hf thtnmtm MAh it, 

English tmmhihm % XY&try W. TUm^m: f/tidHs*. Aly* 

Wild Fimmrn in rrtutim h* itnivfn ly H*r Mm Lnhhm I' 

S«fl§». 

s hm. dt. p, m% 
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The musical value of the song of birds cannot be explained 
as a means of Baeopdtion between the sexes 

Similar objections may be* urged against Mr. 
Wallace*# contention that the songs of birds are to 
bo explained m n ixieauH of recognition, and that their 

1 iinifiiiflitiii, mtmmiumtkm, and differentiation are 
clearly within the power of natural selection,’ Recog¬ 
nition between tin* sexes, and invitation front tint male 
In tin* female y are snont important benefits conferred 
by Mine, bnl lie \ an never account for the marvel* 
lorn* ib gr»<* of i biiiiiration t md the high musical value 
of fij» r« hi!n uf Him d by utility of our singing birds. 
1 la h* uuty of< oug b> m itn thing more fhim its 1 dear¬ 
ie *•<,, fondue and individuality/ just as the beauty 
of npp* usance k -tiitti-fbiiig more than its conspicuous- 
m , and tie- tiff, that these tw<# forms of beauty are 
rut,t|i!f imolarx, r<n Hint tlie brightest birds do not sing, 
wlisb* Mittg bird * suv fi#bi r in appeal anee, is quite 
vuu den m mifli the origin of thiue qualities by the 
ar< uniubo* d r* - alt ^ of f* male prefi n nee. We know 
that He e\ei^ lie cultivation of one taste Iff friconsm* 
IriH v all tla * quid cullRation of others, and when 
III** rvffi&ll brain of a bird k constantly directed to 
appreciating tie* beauty of nong, it may well become 
cmnpumfm ly indiff* r»*nf to beauty of person. Re¬ 
dd* % the qualities conferred by this means are always 
fjtoii or of ii itangH to the ajairics, and aneipeci- 
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ally high development in one direction will tend to 
prevent any great development in other directions. 

The habits of Bower-birds as evidence for the existence 
of an aesthetic sense 

The habits of the Australian Bower-birds are fur¬ 
ther evidence for the existence of a strongly marked 
aesthetic sense in birds. Just as certain females are 
gratified by the display of personal adornment on the 
part of their suitors, others are pleased by the display 
and arrangement of beautiful or curious objects col¬ 
lected in the bowers. The latter are built on the 
ground and are intended for courtship alone, the 
nests being formed in trees. They are often very 
elaborate structures, and each species decorates its 
bower in a different manner. The Satin Bower-bird 
collects brightly coloured feathers, bleached bones, 
and shells: ‘ these objects are continually rearranged, 
and carried about by the birds whilst at play.’ The 
Spotted Bower-bird lines its bower with tall grasses, 
kept in place by round stones which are brought from 
great distances, together with shells. The Begent 
bird makes use of bleached shells, blue, red, and 
black berries, fresh leaves, and pink shoots; ‘ the 
whole showing a decided taste for the beautiful.’ 1 

I have mentioned these well-known but most inte¬ 
resting facts, which were considered by Darwin as 

1 The facts are quoted by Darwin from Gould and Ramsay, 
Descent of Man, pp. 413, 414. 
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4 tin* civilli'iii!!* ... iif a tinti* fur ilif beautiful/ 
lirfiinw* of tin* c^iiitiriiiiifiuii which Imh Ih*c*u afforded 
by mm tv iitot\* mwiii ohntTvattnnrt upon a New Ctitmm, 
Bnw**r4iir»L 

AH lli«* liinto of tliiH bird appears to bo 

I'oiiroiilmfctd on t!iii bower and tfj Hurnmndhtga, for 

till! bird it-Hrlf m f m its iifiim* (AmhUiormn inortmhi) 
ttitjdtvfg wry plainly rctlunmL It I« called the 

(hmhmm Bower-bird, becunmi of Jin remarkable 

habit*, and it# native name also hhiiiih 4 tin* gardener. 1 

The 1 hmver iiinl adjacent 4 hiiii* 11 meadow enamelled 
with flowt-ru* were seen by ilt«* Ilnliaii traveller, Dr, 

Ilfwiiri, 1 oil Mount Arfak, in Now Cliiincm, Ha states 
tlifit Ilia A mhtgarni* cdtcHwes a, lint mi r face lit Ilia banc* 
of a aiimll tree, again*! wlttVIt, n» n enttlml pillar, it 
ifiiiitis n wry regular rcmirnl but, with an openiing nfc 

ciiiif point. The li»il f which in nearly three font in 
diameter ill tile haac, ia formed of tli«i twigs of an 
orchid, which, being mi rpipltyti?, bourn fresh leaven 
for n very long tiling unci greatlyadds to the beauty of 
tile Inmrr, Wit lilts fill* Jillf 14 small C*ttltr of itloHfg about 
the si/.e iff oin*% hand, h heaped round tin? bane of 
?b* to *. 1 i«i fuo the cottage there 1*4 n meadow of 

noe?>, This i, briniplit to tin spot and kept free 
from grit^ etoj»< u, *#r nni f thing which would offend 

An i m! la !♦* * \u > *1*' rUjaiMi ut 4 In !h> 

>f !»*■ i 1 r«-t?r.< g M,*v. u I##, fs* *, •» *4 tm h>*v * * o* 

ps n p,f« 4 tti'hi |j |a * t* ill#’ 1F.% Ulllfli* i, a >m*» «! 

in 1 h 4*4 i /..» u f 1 i % ' ( <*J i ’.%!«• If f *l iMfituii ii 

»< * *J< <. i /.*tf / < V.| , it !<>»•* uli'in i 


V 
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the eye- <>», thi* ^ ^ 9 '\*Zm »« 

priitty ttr '’ V# “ ’ . I;u t of t!i»- 'I"""'-' 11 "" 1 

iit«e Karlin, ’i " thrllt » m.i n "- ,jU 

a W >-’ that the 

brightly c«huinv«l-l • _ lVuil; , x; 

aurcviui, M«' WUH al 'l • ^ ^ , lili ixli'l H' ’’* 1 4 ‘ 1 " ‘ '' 

the 1 beautiful rony i ^ ^ 

tU ) i <• 

‘ Ah«> 01\ HHll> l: o>y 11 ' 'he ! h> '■ i! ' 

tlmhaeli of the. hut- . ,v.< >. 'V-.hl. 

j H believed tn last H'V« M *"'**'"’ 

i tok-.1 

nation of wMia! S '"'‘’ 1U > ( ^ t ... i r .i« s'; “ ' > 

never aeeotmt tor * » » ^ ^ , „,h >• *• ■ 

iHkaiec «>t i*u it-s. >' s t< ... 5 ( .,.tn> 

may m*** ,u ^ 

oliHcrvatitniH. 


Of -vitality or i* iUmlW* in 


itracture# 

Mr. Wallue. 

beautiful e*»i«t»ir 


;||) I) Jl> li' 


Sli.it *h< :t| 


r , -utd 111- S'oeAlh -t 1-h 
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ii j#jiiinlii| 4 i s H b iIhi In a f4ir|ilii^ i»f vifalbv, atticl may be 
riiiiin rli 4 with tlir liviirily and iwitiihility of the 
111 o i hi I h» LrMilifpr ^ a ( f>n ll§« a ho a tropin Mr. 
\l(o 1 T\bo’ * f!o oin llui 1 fMoitra mill pattontH tire? 

? *> I* i 4 4 rMatbm hi malf rhiiiu oi^aiia mill Hlritc’- 

Vn'< . ft i r *ir > tih fit to ilncei a tlioai* two vieWB 
im % iM!, inr o ff 1 1 '*v« in *’omnium 

M r, T hi ,»r w i| fba* th» loodifiralinn of pattern 
in fiw oil o iU h m*n of flu body of atrli an animal 
it* # b sr hr i, i oImImI to tie rlnui* , » i in the vitrioiw 
pi/ 4 * if «'b« b h *o|j nllbb ,ift riin#a a!»al beneath tilt! 
orhno ; <a emit b hint »{ that tie bln k nmrkn on the 
h* ml of ?Mrm» 40 M art r> Infill fo flu* ehief oonvolu- 
fjoii) on ija 'inf n‘* of tin* brain houeath. 

It * ifjio jio :bit to iiial* r rf'tmf *vtiy tfii pialterit 
’ h i II flat t n in ?M flitfbv fit iryinh < of Iho miiilliit 
horhji«of# f « »4 jj |f |to at* i jirotivti^r viihiioir liinlmr 
i < ffa *b i liVrl of * iirh an nrraintiif, no that if 
S nw! n*J* % tion b *ii'o pti 4 Mr* TylorM theory be- 

rolio -in j i« - * , rm * I* III flit floor* ill <Ufli<‘ii!L to see 

v,by a I, an irn«t, nJtbmj ♦!* hop a'fanf, . fmature m 

fo- i * a o • ho; i a a If* if ill* apponriuten of 

an animal, \\ < ; M-mbl me bio liUT f ttifh il» vani 

Mm 4 - ji| ! ; a M f’inrfiottn pruffttee mmu* 

i a tfio i;! rb l>> n v* -1 to bo n§oimfit hv oHm of tint 
nios jii* 4vo ti ,i* in Ue I# My */ <lr if tfit nmnvlm 

aifJ i»* <4 , alio-N I 4loo Mi* biobfitn aro to 

h* ? ,t* 4 of #*, i »f'n llntit 111# bout» flinill- 

** * > 0 o I- 1 b* tioiiil 4 mil lli if /in /tfnirlilfn of 
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such nerve- and muscle-libres, together with tin- im¬ 
pulses which pass along the one and tin- cent met inns 
which arc evoked in the other, are essentially similar 
throughout. 

The colours of underlying structures may be made 
use of in many cases 

It is perfectly true that the colours of underlying 
structures may he made use of for nrnnm< ntnl or pro¬ 
tective purposes. The red colour of our Wood is 
useless as colour in most pints of tin* hodv, hut jIn 
transparency of the- Klein Ini's peimifted it to !•<• iietd. 
use of in the acijuinitiou of * completion ’; and ( 
believe that I am not wrong in supjm-in!' that u. an 
still true to the prefeieitee which loin doubtl* >■ • n 
couragod the growth of fhit. utlruetinu. 

The same thing i« true of many ime <1 in which 
the white colour of fat, the preen colour of <J» Wood, or 
even of the food lying in the alimentary canal, umy In- 
employed in the production of a protective »ppi ,irun> i 
(seep.89,alsopp. 7!t, HO), Natural Heli ction Im* n*i- 
dered these ready-made coloniv availuhli by muting 
the superficial pnrta transparent, imd in many . a «/ 
such stint have been deepened or outlim * :t f , ng*h< n< d 
by the appearance oftriii phmu nl in the dan. Hut 
those admitted facts do not support thetlnun th <) then* 
is any necessary relationship Mwimi mp*-riicial pi;* 
menl and the organs or s*triietnr< * which lie b* n«nsh, 


r 
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The objection to Mr. Wallace's explanation of the 
immense tufts on Birds of Paradise 

Mr. S\ a Han, Lmu ver, follows up thin idm, and 
jn (,’)»< * ‘the iutiui m-e tuft of "olden phmtago itt 
tin I-* ■! known Itjrih t if jmmdtKt ’ in related to fchts 
prinimity of fin mi"? |t'i\vi rful mtiH'dc in tint body 
< tin ]>• rtondt, of n i titiu large hlond-veHHolH and 
i;> ro •, it,ini of n i f,dn |titrt h of tin* i.Ki ioton. Tho 
citjili .!'■) mu < of lb* mil'i'll’ im nn of connie u great 
i 'ij» 1 4*1*1 iij’i of i in Ci'y, but tint (iri hfot Klatn of pliy— 
• ioj.py I* iidti Jim Jiiijijioj'l, to the opinion that midi 
i iji> mitt no I'oidd iilfurd nny • spin nation of tin; Hixo and 
njn i iul p ridiimtii * of an appendstge produced by an 
adjar* nt rtUrfiii i. Tin nervous and nrtorial trunks 
imply that mrvous «norpy and food matorial am 
1<> iiij* louviyid in largo ijuautitioH to tin* loralitiuH 
win tt tho in rvi t* tittil arteries arc finally distributcid ; 
hut thoir nine and impii tuner uh tin y phhh beneath 
tin bio-o of tin toft mu have no relation to the growth 
and app> noun > of tin lath r. Tho travelling facilitk'rt 
nod m> an of e,,mmuuiealiun j u any village depend 
upon tin- iiN-at nmiuyomontH of its railway Hint ion and 
t«li graph otSiro; not upon the niunln'r of oxproHH- 
tmitts ami folopraiiH which rush through it on their 
way to a dintnot loan. 
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The supposed causes of colouring sugip tied by W'llSrmt 
and Tyler bear no true relation fa the itftd* 

But I'Viii mi 'i!» r ditthmhn 4 ' jo’>. E- n d ^ 
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of fill*, latter, # 1 k iifiiHtfft d by our it 4|n fir n t»»* , nil 

bear iio wnHoarv nlafi^ii to Ihr 4fam put upon to* 
organism in piuduehip tin ppme of. 

When, Itowent , v*» ninrmlae fit;,! a n iv h«/< 

proportion of the rulomm and pathru dHmrtix *4 
m% ant only partially drprndiM tipon peon* of, f 1#^ 
tlifileuItioM heroine iiihiijaruble la! »e* lii a rmr birr 
tho Cano of nltth , whirl* forms on important j?*ol in 
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for believing that n width which jml pn v« uls the 

appearance of colour in an indication of want nf 

vitality. 

We must also remember lliiit these iritit 
tints occur in combination with colour* produced in 
oilier ways. If we lake a hypothetical mm\ the 
inadequacy of ‘ surplus vitality' m 1111 explanation 
becomes at once apparent. 

bet m suppose that n mul* bird h* none ” simr* 
beautiful in appearance, mol fluif tin clung* emeu 4 ** 
in the addition of white frail Ii# rr 4 of u* w fiiii- or 
shades in the colours due to pigim nf s and of fli#e * 
due to iiiterb rence, 1 \\» must flu is for* ^uppo.,* that 
a * HurjduH of vitality* favours the dixtpp* aran*** of 
pigment and the Milotif islion of bubbh ^ of g:i- t hi 
one part, although albinism afford- rath* * slioiig 
evidence Hint mk* 1 j n n*riilf is eertuiuh m4 an holkii- 
ticm of fttmifdli * Me must suppose flap th* sum* 
cause favours slight changes in flit' tin mien) eon, 
stituiion of pigments, in other parts, intuiting tin 
excessively unlikely hypothec Unit the a 4belie 
value! of the results m n trniiKiirr nf tile tlaittcttlty 
Involved in their production: uml we tnu4 finally 
suppose that, cIm where, the miiiw cato-e i* < lib kid 
in adjusting with iiiaflieiinitieui \m etdon fie width 
of spaces in the tissue, although if U wddlt iiir 
probable that the minute differ* tier* which rurr* .^mud 

1 Admitting, tut tin' - a is nf litpmu* jJ„ I ft sit %\<k - t 4 m; >r h^uu 

in bird*, m it ectUittly h in motet , 
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In flu* ftiTitliitliftit or rlwttgo of colour bear witch a 
relation to lli< \itul tiirrgy rxjiiiiiii'tt in their «lc*vttIoj>- 
iiiiiil* flint mi- «*;ui judge of On* amount of tin* 
i*xj»endiiuiv hy file degree of admiration oxcitod in 
oiirneUe*, 4 

The effects are only explicable by a theory of 
selective breeding 

We nr<" iiIhii required to believe that thane heten 
ehimrl. er* vi Mobile d b\ the name meatin 

mUo an * hib <ni!i and Imroemioii - wlioli . A procenH 
<<! *htiin hr* * din;!, lib* tin! of Hi Mini Selection, 

hm r ** > /> M ' i» V 1hu*h ii , Mtmoi fit mi* l*y Mr, 

I f im 4sj'/ -i\ ii i * *M f<» Mr, ttutUrt '* iMtt 1 ; 

1 i is ,, ,*i. /, , \ h >i* 4 1 ■ ti>i* tumii ’ riflirtir i mr iilikf ulotiftit 

> *. j M f » -> < * i.4 .e» ,u *> .* <e . Ili‘ fwt ilwt irj{um>b in 

„ u '* i, t ii ‘ «. . f si i,i|;.»• fovttfy tioptit ;UMo 

IP « {/ f ■ „« > # ‘i 4<*h i“ 4 $ nifiVUn 1 }w * i’)i , * nU itif twill, fet’ 

• >., , , „i< ^.,-4 ii ’ *<*4. tin lip futiitrit *m a i4ilt« 

4-i 4i i ( i e 1 * 

14 ; 0 . 1,4 4 I jir V. ,MM i'V'% i * tnu *»f ttttilr flack» 

, ,/,M I4< <?«(• t <,«<*’, Ak»lj j«» Mm in «i*ii»ally iiiyiiit'fiU'4 

If, , fU 4 p p4f . M » O in jM*< - t Up ftOtll Ult< 

j. 4 «I r^< ^^ • , le Im‘»' < ? 4 iK*e, ??iiriiiii4l cMmii s 

hi * M 'I ,4 * <. w.-f »f 4 |^ f Nl e# i * rUli its#* m i|**i‘ 

i 14( , - , to ,i, v, f,<, . Ui * H ; Iif »mi 

t-,#t ip .|i> ! .( n 4 ,t , .,iis ). k I if toil ntUtut i well 

i l4i * i^n 4 4*. 1,4 i u < 4* |,i m put iipai pinaMii 

f, f I i i if 4 lk« ultilr |#fiwt«'k #lo 

j,,i M ‘/iu f ip ? i4 4 * i,m (< in fc/o ia tiff* r*ilf#nr * ul fclir 

i|-s»« IfftMi; f*o hh* o * oimfi* 4 lif |iy|#|» 

iii,* , # Miislt.ti U»* i* OiMin-i »li 'tutoitmu »>f nil iriiriiiiiit 

41.,4 J ,i i( * I ,i 4 4 n MifiM ,*!, ill!* t* *i If ,d ih*' fitij? '.iriil run v i d 

\h, 1 1;| ^ ^ ^ ^ 4 'hih 1 ^ Ip o,#f. tlif umnw i ft*. 

I’lif «I . 
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Certain general considerations which support Darwin’s 
theory of Sexual Selection 

There siiv also one or two general facts which scorn 
t<> iiu to strongly support the theory of Sexual Selec¬ 
tion, sun! to oppose any theory which is not based on 
selective breeding. 


Sexual Colour* only developed in species which court 
by day or twilight, or have probably done so at no 
distant date 

The iippeiirnui'e of beautiful colours and patterns, 
hit'b mi tii-pluu d in courtship, invariably occurs in 
diurnal 01 pa it billy diurnal animals. The colours 
only .ippi ar when tin* conditions for female preference 
iiM prcml a bo. If we compare butterflies with moths, 
or ino!!e which Ily by day ami twilight with those 
abb li |ly in il.irluie-'s we find that brilliant tints and 
eniaiui nisi piittenn are only found when there is light 
i nnugh fir the fi unite to see them. The consideration 
id' appai'i ni « .• i ptioii.s will be found to support the 
argmiu nl. Tlii* nine evidence maybe drawn from 
birds mid other miitiuds. If, however, such colours 
were m« rely the symptom of vitality, we should not 
t .\p. et to find this invariable relationship between the 
colours of one sex and the conditions for seeing it in 
the other. 
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Sexual Colours are not developed on part* of the body 
winch move so rapidly that they heroine invisible 


Another fact of the mum' kind !:;»■ "«ih 
itself to me lately. Thu hrM't 1,f 

are especially clj&r&etm'iKtb* «>! f 
birds and insects, and it may imf nu^.i^ux 


<>* v< J-i 

4 I *hij* 

if *\U*h > 4 1 -, 

\h I < • <%!*« 


posed that this fact is related b< lh< * ••ui. j.j. >.< n.-.e., 
work afforded by the surfaci* <d tin 11 In ’h 

group we may distinguish two Kind 1 ,l t hi d.t : <>> * 

it is produced by an excessively "wiit < f i.V 

wings, in the other by it relatit* It 1">',» ’Iq-j in 1 nett< • 
ment. In the former, indiuliiu' tb< humming bud- 
and the majority of insect ,■*, tin ttioj;'. ■» * -put*' 
invisible, owing to their rapid moti-in: j»< tie 1.4;* t, 
including the majority of birdt* and but ?-1 i|j< >. and 
many moths, they can be cu-ily m • u. We ?jnd, u 
general rule, that the colours di>.tin* the <if ■«» 
displayed on the wings in tie- latter i»r'»)p, but m- 
absent from the wings in flic form* i\ FViMe o i«r 
female observation are thus n)f<»r«hd by tin dhu ibu* 
tion of colour. 


When colours are best sees from one direction, this 
corresponds with the position in which the female 
would see them 

Again, the magnificent iridescent wikwirs mu the 
wings of certain butterflies, due to niterfbretie® of light, 
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are best seen when the insect is looked at from in front, 
as it would be by a female when the male is approaching 
her. Mr. Wallace, however, argues that the mslefollows 
the female and hovers over her, so that she can hardly 
see the upper side of his wings at all. We know hut 
little of the way in which an insect sees, but the struc¬ 
ture of the eye as a large rounded mass made up of 
radiating elements renders it probable that any object 
which comes within the area obtained by prolonging 
the radii will be seen, provided it is at the right dis¬ 
tance. Hence the male would be seen approaching 
the female from behind, in front, or the side, and the 
only requisite for producing the best impression upon 
her is that his head shall be towards her, and that the 
upper side of the wings shall be seen. The courtship 
of a butterfly usually passes through three stages : in 
the first, the male sees the female and approaches 
her; in the second, they fly together for a variable 
distance, fluttering around and about each other, 
although the male is probably the more active and 
the pursuer; in the third, the female has been over¬ 
come by the attentions of the male, she no longer 
flies, but settles on the ground or a leaf, while the 
male flutters over her and finally settles also. In 
each of these phases the planes of both body and 
wings are ever shifting, and the upper side of the 
latter is certainly visible to the female from time to 
time. It is therefore most significant that the irides¬ 
cent colours of Diaderna bolina should be seen from 
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the front, while, they become invisible from the side 
or from behind, for the colour is produced in such a 
way as to give the female the best chance of seeing it, 
a fact which is unexplained by any other theory of 
origin except that of Sexual Selection. At the same 
time this observation needs testing by further and 
exact observation of the habits of many iridescent 
species during courtship. 


The evidence for the gradual development of pattern 
suggests selective breeding 

The steps by which some of the most elaborate and 
wonderful appearances have arisen, are traced by Mr. 
Darwin in the most complete and convincing manner. 
When we look at the marvellous eyes upon the train of a 
Peacock, or the more beautiful markings on the feathers 
of the male Argus Pheasant, it seems impossible that so 
wonderful and complete a result can have been produced 
by the aesthetic preferences of female birds. And yet Mr. 
Darwin shows the relation between these characters and 
much simpler markings on other parts of the surface. 
He proves that the one has been derived from the other 
by gradual modification, and he points to traces of 
the original marking which persist in the complex 
appearance to which it has given rise. Such facts, 
while eminently suggestive of the progressive develop¬ 
ment of simple into complex markings by some 
selective agency, seem to be unexplained by any other 
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theory. It is impossible to understand how any neces¬ 
sities for recognition, any changes in the internal 
organs, any gradually increasing vitality, could cause 
the one form of marking to develop into the other, 
along lines which correspond with the attainment of 
a gradually increasing aesthetic effect. 
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CHAPTER XVII 

SUMMAHY AND CLASSIFICATION 

lx now remain* to bring together tin* results arrived 
at, and to show their relation to one another, in a 
system of classification. 

I have not introduced the terms proposed below 
into the earlier parts of this book : it appeared bettor 
first to illustrate the moaning and use of existing 
terms by the description of numerous instances, 1 
trust, however, that the new terms may be found to 
bo useful. My friend Mr. Arthur Hidgwiek has kindly 
helped me in choosing tin; words. 

In the following scheme Prop etive and Aggrmsive 
Resemblances are grouped with Mimicry under the 
first head of Apatetic Colours, because an animal is 
thus made to resemble some other specie* or some 
other object. Protective and Aggressive Itesemblaiiei * 
are classed as Cryptic Colours (iWryptie and Anti- 
cryptic), because their object is to effect coneuil- 
ment ; Mimetic Resemblance and Alluring Colom-alimi 
are called Pseudosematic Colours, bemuse they 
usually resemble Somatic or Warning and Signalling 
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Colours, and deceptively suggest something un¬ 
pleasant to an enemy or attractive to prey. While 
Mimetic and Alluring Colours are therefore correctly 
classed in the same group with other forms of Resem¬ 
blance, the terms suggested convey the relationship to 
Warning or Sematic Colours. 

The second head (Sematic Colours) includes Warn¬ 
ing Colours and Recognition Markings: the former 
warn an enemy off, and are therefore called Apose- 
matic; the latter assist an individual of the same 
species, and are termed Episematic. 

The third head includes the colours displayed in 
courtship, which are therefore called Epigamic. 

The vertical arrangement in the table indicates 
the three chief divisions under which the various 
uses of colour may be grouped, together with the sub¬ 
division of the first into its two main classes. But 
the horizontal arrangement is also of importance; for 
Pseudaposematic colours (I. B1) are special and highly 
remarkable instances of Procryptic colours (I. A 1), 
and deceptively resemble Aposematic colours (II. 1). 
Similarly, Pseudepisematic colours (I. B 2) are special 
instances of Anticryptic colours (I. A 2), and may 
depend for success upon the deceptive resemblance to 
Episematic colours (II. 2). 
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I. Apatetic colours 

Colours resembling some part of 
the environment or the appearance of 
another species. 

II. Sematic co¬ 
lours. — Warning 
and signalling 
colours. 

III. Ep 
colours. - f 
displayed ii>- 
ship. 

A. Cryptic co¬ 
lours. — Protective 
and Aggressive Re¬ 
semblances. 

B. Pseuclosematic 
colours. — False 
warning and sig¬ 
nalling colours. 



1. Procnjptic co¬ 
lours. — Protective 
Resemblances. 

1. Pseuditpomna- 
tic colours .— Pro¬ 
tective Mimicry. 

1. Aposematic 
colours. — Warn¬ 
ing Colours. 


2. Anticryptic co¬ 
lours, —Aggressive 
Resemblances. 

2. Pseudepisema- 
tic colours. — Ag¬ 
gressive Mimicry 
and Alluring Co¬ 
louration. 

2. Episematic 
colours. — Recog- 1 
nition Markings. 



Saving thus showir the relationship betweci* 
main groups into -which the subject may be 
^oniently arranged, it will be useful to construe * 
more detailed) tgHble, giving the^minor-,subdivi 
and bringing forward numerous examples. The fi 
terms are also defined as precisely as possible. Th* 
tailed table is in fact an extremely condensed abet r 
of the whole volume. 

It is of great interest to note that the advant a, 
gained under each of the main divisions (I. A, I. U» 
and III.) may be attained by the corresponding i§^ 
adventitious objects. Such adventitious colour: : 
introduced in the lower part of the table. 

Further inquiry will render the classification 11 n 
detailed and complete. Thus it is obvious that *** » 
of the instances grouped under Aposematic, Pseud* *1 



SUMMARY AND CLASSIFICATION 339 

sematic, and Pseudepisematic Colours might be raised 
to the rank of a separate subdivision. I think, how¬ 
ever, that existing knowledge is sufficiently represented 
by the provisional arrangement suggested in the fol¬ 
lowing table. It would be inconvenient to render the 
classification more complex on account of a small 
number of instances. 


2.552 
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ANT 
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Aposematie Colours, 337, 338 
Araehnida, see Spiders 
Archidoris tuberculata, probable 
changes of colour in, 108 
Arctia caja, Warning Colours of 
imagines of, 175; defence in 
other stages, 175 

Arctic animals, use of whiteness in 
checking radiation, 17-19 
— Fox, winter change of colour 
of, 101, 103, 104 

-- Hare, occasional change of 
colour in summer, 103 
Argus Pheasant, courtship of, 
306, 307; evolution of sexual 
markings of, 334 

Argynnis paphia, dimorphism of 
female of, 49; experiments on 
colours of pupa of, 141 
Ascidians, Warning Colours of, 106 
A&ilidee do not attack Ileliconidce, 
228 

Aspilates gilvaria , larva of, 34 
* Assembling ’ of male moths, 291, 
292 

Asthena Candidata as a probable 
model .for Mimicry, 244 
Astia vittata , courtship of, 302,303 
At tides , courtship of, 297-303; 

battle between males of, 310 
August Thorn Moth, larva of, 43 


B ARK AND LICHEN, resem¬ 
blance to, 34-36 

Bee Hawk Moths, Mimicry of, 246 
Bees, sting of, remembered by 
chameleon, 199; as models for 
Mimicry, 245, 248, 249, 267 
Beetles, see Coleoptera 
Beetles’ wings, cause of iridescent 
colours, 8, 9 

Birds, Protective Resemblance in, 
60, 61; Warning Colours in, 


BRI 

162 ; Sexual Selection in, 162; 
rubbing off hairs of larvae, 173 ; 
eat ladybirds when hungry, 180 ; 
refusing to eat conspicuous 
caterpillars, 168, 169, 181; 

power of picking wings off 
insects, 183; liable to seize 
butterflies by the wings, 205- 
209; Recognition Markings 
in, 212, 213; do not attack 
Ileliconidce , &c., 228 ; frightened 
by Chcerocampa, 260 ; as models 
for Mimicry, 265; Mimicry of, 
265 ; said to devour larva of 
Ceram vinula, 273 
Birds’ eggs, colours and markings 
of, 61-67 ; white when concealed 
or defended from enemies, 62- 
64 ; ancestral colour of, 62, 63; 
Recognition Markings in, 212, 
213 

Birds of Paradise, well adapted to 
their conditions, 311; supposed 
explanation of tufts of, 325 
Black Arches Moth, Protective 
Resemblance of, 35 
Blood, transparent in certain fishes, 
14, 15 ; rod colour of, made use 
of in ‘ complexion,’ 13, 324 
Boarmia rhomboidaria , experi¬ 
ments on colours of larvae of, 
150 note 

— roboraria , experiments on 
colours of larvro of, 150 note 
Bombi, as models for Aggressive 
Mimicry, 267 

Bombus lapidarius , as model for 
Aggressive Mimicry, 267 
Bombus muscomm, as model for 
Aggressive Mimicry, 267 
Bombyces, degeneration of females 
of, 294-297 

Bombyx cynthia , dimorphism in, 
48; no choice exercised by 
captive females, 287, 288 
Bower-birds, habits of, as evidence 
for {esthetic sense, 320-322 
Brimstone Moth, larva of, 31, 33; 
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CHR 

Chrysalides, concealment of, 51, 
52 ; Variable Protective Resem¬ 
blance in, 111-142; supposed to 
be photographically sensitive, 
118, 119 ; on the meaning of the 
metallic appearance of, 133-189, 
177 

C 'Jhrysomela populi, Warning 

Colours of, 177 

O ilix spmula, Protective Resem¬ 
blance of, 57; of cocoon of, 76 
C/innabar Moth, see Euchclia 
jacobcece 

<Dlcom Uchenaria, larva of, 35, 36, 
40, 41 

CJlothes moths, cases of larva, 76 
CSlouded YellowButterfly, see Colias 
edusa 

<Jlytus arietis, Mimicry of, 249,250 
CJobra, terrifying appearance of, 
163; as model for Mimicry, 259 
<3occinella, Warning Colours of, 
177 ; concealed in winter, 180 
CJockroach, means of defence of, 161 
Oocoons, protective value of, 51, 
52; adventitious protection of, 
76; Variable Protective Resem¬ 
blance in the colours of, 142-146 
dmnonympha pamphilus , eye-like 
spot on wing of, attractive to 
lizard, 207 

Cold-blooded animals, 18, 100 
Coleoptera, Warning Colours in, 
177, 178; mimicking Hymeno- 
ptera, 249, 250, 252; as models 
for Mimicry, 251, 252 
Colias edusa , dimorphism in, 49 ; 
wings of, seized by enemies, 205, 
206 ; female more beautiful than 
male, 292 ; var. helice, 315 
— hyale, 315 

Colours due to absorption, 1-3; due 
to thin plates, 6-9; due to diffrac¬ 
tion, 9, 10 ; due to refraction, 10, 
11; of direct physiological value, 
15-19; destroyed by natural 
selection, 14; use in retaining or 
absorbing heat, 16-19; produced 


CRCE 

by courtship, 21, 22, 284-285; of 
animals classified, 22; of many 
uses on a single animal, 22; 
changed to correspond with 
changes in the environment, 42- 
46; believed to be due to excess of 
vitality or to underlying struc¬ 
tures, 322-325 ; criticisms upon, 
325-330 

Combination of many methods of 
defence, 269-283 
Common Dagger Moth, 315 
— garden white butterflies, see 
Pieris bmssicce and P. rapes 
‘Complexion,’ depends upon the 
blood, 18, 324 

Conditions under which Protective 
Mimicry occurs, 231 
Convolvulus Hawk Moth, dimor¬ 
phism in larva of, 47, 48 ; ex¬ 
periments on colours of larva of, 
157 

Corals, probable use of colour of, 16 
Coral snakes, Warning Colours of, 
163; as models for Mimicry, 265 
Corycia temerata , probable Mimi¬ 
cry of, 244 
Cossutf; 58 

Courtship, colours produced by, 
21, 22, 284-335; decided by 
wager of battle, 309; colours dis¬ 
played in, concealed at other 
times, 311; beauty of colours dis¬ 
played in, unnecessary for recog- 
' nition, 316, 317 ; development of 
patterns displayed in, 334 
Crabs, habit of fixing seaweed, 
&c., on the body, 78, 79 ; asso¬ 
ciated with sea-anemones,202,208 
Crickets, Mimicry of, 252; mimick¬ 
ing tiger-beetles, 266; mimicking 
sand-wasps, 266 

Crimson Underwing Moths, a use 
of hind wings of, 206 
Crocallis elinguaria , experiments 
| on colours of larvae of, 150 note 
\ Crmm septmtrionalis, defensive 
glands of larva of, 171, 172 
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CRO 

Crotalus , warning sound of, 163 
Crow, eggs of, 61 

Crustacea, rapid changes of colour 
in, 107; associated with sea- 
anemones and sponges, 202-204; 
much sought after by fish, 204 
Cryptic Colours, 336, 338 
Cuckoo, egg of, 66 
CuculHa, 58 

— verbasci, origin ‘ of Warning 
Colours of larva of, 187, 188 

Currant Moth, see Abraxas grossu- 
lariata 

Cuttle-fish, rapid changes of colour 
in, 107, 108 

T\ANAIDM, similarity of Warn- 
^ ing Colours of, 193; similarity 
to HeliconidcB, 195, 226; as 
models for Mimicry, 226-230, 
232-238 

Danais, see Danaidcn 

— archippus, Warning Colours of, 
194, 195 

— chrysippus , as model for Mimi¬ 
cry, 236, 238 note 

— echeria , as model for Mimicry, 
235, 238 note 

— mavius, as model for Mimicry, 
216, 217, 235, 236, 238 note 

Danaoid, Heliconidcc, 195, 226 
Dark Dagger Moth, 315 
December Moth, larva of, 35 
Degeneracy of female moths accom¬ 
panied by loss of beauty in 
males, 294-297 

Dendryphantes capitatus, court¬ 
ship of, 301, 302 ; battles be¬ 
tween males of, 310 
Diadema bolina, Mimicry of, 236; 
iridescent colours of, so placed as 
to be seen by female, 333, 334 

— dubia. Mimicry of, 217 

— mima ,, Mimicry of, 235 
Viaphora mendica, probable Mimi¬ 
cry of, 240 

Dimorphism, 46-51 

Diptera, especially relished by 


EPI 

lizards, 183 ; predaceous, do not 
attack Heliconidce> 228 ; mimick¬ 
ing Hymenoptera, 248-249 ; as 
models for Aggressive Mimicry, 
266; Aggressive Mimicry of, 
267; the prey of ant-like spi¬ 
ders, 268 

Domestication, causing degenera¬ 
tion, 289, 291 

Dormouse, use of brittle tail of, 
209 

Dragonet, distinguished from wee- 
ver, 166 

Dragon-flies do not attack Hcli- 
conidcc, <fcc., 228, 229 

Drinker Moth, irritating hairs of 
larva of, 173 

Drone-fly, Mimicry of, 248, 249 

Duck, degeneration of brain of, 
during domestication, 289,290 


E ARLY Thorn Moth, larva of, 
29, 38 

Elaps , Warning Colours of, 163 ;as 
models for Mimicry, 265 
Elephant Hawk Moths, Mimicry 
of larva of, 258-261, 263, 264, 
269 

Emperor Moth, see Saturnia car - 
pini 

Enncnnos angularia, larva of, 43 ; 
experiments on colours of larva) 
of, 150 note 

Ennomos kmaria , experiments on 
colours of larvae of, 150 note 
Eolis, defensive dorsal pap ill as of, 
199, 200 

— A Ideri , tingling sensation caused 
by, 200 

Epeira prompta, 59 
Ephyra omicroiiaria, larva of, 32 
— pendularia, larva of, 32 
Ephyridce, dimorphism in, 46; ex¬ 
periments on pupae of, 189 
Epiblemum scenicum, courtship of, 
299, 300 

Epigamic Colours, 337, 338 
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Episematic Colours, 387, 838 
Eriogaster lanestris , experiments 
on colours of cocoon of, 144-146 
Eristalis, Mimicry of, 248, 249 
Essex Emerald Moth, case of larva 
of, 76 

Warning Colours 
of larva of, 169, 170; of imago 
of, 175 ; larva of, adopts colours 
of wasp, 186 ; origin of Warning 
Colours of larva 1 of, 187 ; larva 
of, refused by lizards, 243, 244 
Euplcea, similarity of Warning 
Colours of, 193; as models for 
Mimicry, 226-230, 234 

— core, Warning Colour of pupa 
of, 177 

— Midamus, as model for Mimicry, 
284 

— (Da?iais) niavius, a model for 
Mimicry, 216, 217, 235, 236, 238 
note 

— BhadamantJms , as model for 
Mimicry, 234 

Eyed Hawk Moth, larva and eggs of, 
coloured by chlorophyll, 80; ex¬ 
periments on colours of larva of, 
147-149, 157 

TpA CEL IN A CORONA TA , 

x tingling sensation caused by, 
200 

Fat, cause of whiteness, 5 
Feathers, cause of whiteness, 5, 6; 

cause of metallic colours, 11 
Female butterflies, more frequently 
mimetic than males, 238-240; 
in certain species more beautiful 
than males, 292, 293 
Fish, Protective Besemblance 
among, 67-69; Variable Pro¬ 
tective Besemblance in, 82, 83 ; 
Warning Colours of, 165; wary 
when brilliantly coloured, 312, 
313 

Fishing Frog, lure of, 73 
Flagella of larva of Cerrna vinula, 
272, 273 


GEO 

Flakes on surface of buried glass, 
cause of colours, 8 

Flies, especially relished by lizards, 
183; predaceous, do not attack 
ITellconida>, 228 ; as models for 
Aggressive Mimicry, 266; the 
prey of ant-like spiders, 268 

Flowers, beauty of, determined by 
insects, 317, 318 

Formic acid, ejected by larva of 
Ceram vinula , 274, 275 

Fowl, domostic, eggs of, 03, 64; 
frightened by Cheer ommpa, 260 

Fox Moth, irritating hairs of larva 
of, 172, 173 ; larva) of, eaten by 
lizards, 243, 244 

Friar-birds, as models for Mimicry, 
265 

Frog, powor of changing colour, 
83; Warning Colours of Nicara¬ 
guan species, 164,165 ; refusing 
to eat conspicuous caterpillars, 
168,169, 181 

Froth, cause of whiteness, 5 


(ptADUS POLLACIIIUS , ex- 
^ periments upon, 200, 201 
Callus Banlciva, egg of, 64 
Gammarus, as the food of trout, 88 
Garcinia, collected by Gardener 
Bower-bird, 322 

Garden Tiger Moth, Warning 
Colours of, 175 ; defence in other 
stages, 175 

Garden white butterflies, sec Pier is 
brass km and P. rapes 

Gardener Bower-bird, habits of, 
321, 322 

Gardenia, collected by Gardener 
Bower-bird, 322 

General resemblance, 20, 24-26, 
42-46 

Geometra papilionaria, larva of, 
84, 46,47 

— smaragdaria, case of larva of, 76 
Geometra, larva) of, as examples of 
Special Protective Besemblance, 
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HYM 

Protective Resemblance in 
cocoon of, 146 ; defensive glands 
of phytophagous larvae of, 171, 
172; Warning Colours in, 178 ; 
as models for Mimicry, 245-253, 
255-257, 266, 267 
Hymenopus bicornis , Alluring 

Colouration of, 74, 75 

CE, cause of transparency, 5 
Ichneumonidce , larvae of, un¬ 
affected by nauseous taste, 181, 
182; Recognition Markings of, 
213-215; formic acid of Cerura 
fatal to, 275, 276 ; Cerura at¬ 
tacked by, 214, 215,275-277; the 
defence of larva of Stauropus 
against, 281, 282 
Icius sp. t courtship of, 300 
Iguanidce , power of changing 
colour, 84 
Inachus, 78, 79 
Interference of light, 6-10 

J AY unaffected by terrifying ap¬ 
pearance of Chcerocampa , 260 
Jungle fowl, egg of, 64 

JfALLIMA, Protective Resem- 
^ blance of, 52-55 

X ACERTA MURALIS, Bee 
Hawk Moth devoured by, 246 ; 
Mimicry of Sphecia detected by, 
247, 248 

.— viridis, detects well-concealed 
larvae with difficulty, 40; effect 
of ‘ tussocks ’ of Orgyia upon, 
198; larvae of Euckelia jacobcece 
refused by, &o., 243, 244; 

frightened by Chcerocampa, 261 
Lady-birds, Warning Colours of, 
177; concealed in winter, 180 ; 
as models for Mimicry, 261, 252 
Lagopus , winter change of colour 
in, 104 

Large Emerald Moth, larva of, 34, 
46,47 


Liz 

Large G-arden White Butterfly, see 
JPieris brassicce * 

— Tortoiseshell Butterfly, colours 
of pupa'of, 114; suspension of 
pupa of, 112; experiments on 
colours of pupa of, 141,142 

Lark, egg of, G1 

Lasiocampa quercus, irritating 
hairs of larva of, 173 

— rubi, irritating hairs of larva of, 
172, 173; larvae of, eaten by 
lizards, 243, 244 

‘Leaf insects,’58 

Leaf-cutting ant, as model for 
Mimicry, 252, 253 
Leiocampa dictcea , 315 

— dictceoides, 815 

Leopard Moth, nauseous in the 
imago stage only, 175 
Leptalis, Mimicry in, 219 
Lcptocephalus, transparent blood 
of, 68, 69 

Leptogorgia virgulata, always 
accompanied by Ovulum, 70, 71 
Lcpus Americanns, winter change 
of colour, 95-100, 103, 106 

— glacialis, occasional change of 
colour in summer, 103 

Lesser Swallow Prominent, 315 
Lime Hawk Moth, experiments on 
colours of larva of, 149 
Limemtis misippus, mimicking 
Danais archippus, 195 

— sybilla , larva of, 174 
Lizards, colours of, 25; Protective 

Resemblance in, 60 ; Aggressive 
Resemblance in, 72, 73; Variable 
Protective Resemblance in, 84; 
refusing to eat conspicuous 
caterpillars, 168, 169, 172, 181; 
effect of ‘ tussocks ’ of Orgym 
upon, 197, 198; liable to seize 
butterflies by the wings, 205-209; 
use of brittle tails of, 209; do not 
attack HeUconidce, &c., 228, 229; 
larvae of EucheUa jacobcece, re¬ 
fused by, &o., 248, 244; Bee 
Hawk Moth devoured by, 246 
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Mimicry of Bpherm itUmn*! If, 
247 , 24m ; frsfl* fitiwl hf 

cmqm % SCI; jmrmjotl by Miuk* a, 

2*11,2(12; nffmUod b*, im'imr im i 
of tVri4/'#i, 27*1; a*jfi*W»o| by 
terrifying Attitu* If* of #S*f< i t* n u * * 

5M1 

Lobster Moth, not unq-fUvfrtji 
Lophlu i pimt Urn m , bin* of, 73 

M AClFlIi 61 

Mugpw Moth, Carifip^ 
Colour* «l larva t»f* KK In?*, 
of j»sp& «fft 174, 1MJ ; *i lump > 

of, 174 , 175 

Mftia, 7H 

M&miimlift, Profwlivo Ik 
among, 117; MrtMofiftl t luc*#** »*f 
colour erf, SM Ki 4 ; ft hymn* I r a m . ** 
of win lor (fhimgi #»f § of, 
08, HH ; rmu-n of 

ciiittigi* of robnir/Xf 101; W?if« 
ItigColoiiwiti, 1 <» 1 , 16 ’i' 
tbit Mailtutg* in, 111 , 2 !i! 
Mmtufau A##t« > *.U*« fk -iiftUiup’*? 
in, 72 , 74 , 75 ; 4 u n#»f i 
Acrmi* Ar,, Ml; jrfttut* 
this, 2*10; Ag^nmivfi lfii«rr| 
of, 2IH1 

Mwmwiil, n*jt**u k&tty larw»>, I 111; 

tot# of Sal in Moili 

lo,24L*243; irnifirtl b # ? larva nt 
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HgH«ifr« of, %M* *21.1 tmtf 
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CoUmrh of, till, 1*1*4 
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OEI 

Orioles, Mimicry of, 265 

Ornithoptera brodkeana, courtship 
of, 293 note 

— poseidon, courtship of, 293, 294 
note 

Ormthoscatoides decisions, Allur¬ 
ing Colours and hahits of, 75, 76 

Orthoptera, Protective Resem- 
blance in, 58 ; mimicking Cole- 
optera, 251, 252 

Ovula patula , accompanying 
Gorgowia, 71 

Ovulum , probable changes of colour 
in, 108 

— uniplicatum, accompanying 
Leptogorgia, 70, 71 

pACHYBHYNCHUS, cause of 

-*■ colours of scales, 11 

Pagums bemJiardus, associated 
•with Adamsia Rondeletii, 203 

— dtanensis, associated with 
Suberites domuncula , 203 

— Pridectuxii, associated with 
Adamsia palUata, 202, 203 

1 Palmer worm,’ see Porthesia 
auriflua (larva) 

Pale Clouded Yellow Butterfly, 315 

Paniscm oephalotes, black eggs of, 
facilitate recognition, 214, 215 ; 
attacking Centra Vinula , 214, 

215, 275-277 

Papilio, Mimicry in African species, 

216, 217, 234-238; Mimicry in 
South American species, 232,239 ; 
as models for Mimicry, 234; Mimi¬ 
cry in Asiatic forms, 234, 239 

— antinorn, 238 note 

— cenea, Mimicry of, 235, 237 
note, 238 note 

— demoleus , colours of pupa of, 
117 

— hdppocoon, Mimicry of, 235, 287; 
note, 238 note 

— Humbloti, 238 note 

— Machaon, colours of pupa of, 
118, 114, 118; experiments on 
pupa of, 189 


PIE 

Papilio meriones, 234, 238 note 

— merope, Mimicry of, 234-238 

— nireus, colours of pupa, 115- 
117 

— paradoxa, two sexes mimicking 
different species, 234 

— polydamus, colours of pupa of, 
117, 118 

— trophonius. Mimicry of, 236, 237 
note, 238 note 

— westermanni (hippocoon), Mimi¬ 
cry of, 217 

Partridge, egg of, 61 
Patterns, similar types of, used for 
warning purposes, 185 
Peacock, ‘ eyes 5 of train distin¬ 
guishable in albino, 329 note; 
well adapted to conditions, 311 ; 
evolution of sexual markings of, 
834 

— Butterfly, see Vanessa Io 
Pelias bents, 60 

Peppered Moth, larva of, 28; ex¬ 
periments on colours of larva of, 
152, 153 

Phidippxts morsitans, courtship of, 
800 

Phidippm ntfus, courtship of, 
BOO 

Phlogophora mcticulosa, Protective 
Resemblance of moth, 56 ; larva 
of, coloured by its food, 79 
Phrynocephalus mystaceus, Allur¬ 
ing Colouration of, 73 
Phyllopteryx egues, Protective Re¬ 
semblance of, 67, 68 
Physalia, colour of, 2 
Phytophagic variability believed 
to exist in larvae, 149 
Pieridm mimicking Helieonidte, 
&a., 232, 233, 239, 240 
Pieris brassicce, colours of pupa of, 
113-115; experiments on colours 
of pupa of, 140, 141 ; Warning 
Colours of larva of, 170 ; nause¬ 
ous larva of, attacked by ichneu¬ 
mons, 182 ; female more beauti¬ 
ful than male, 292, 293 
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I'uris iiapi, fi'iualit iiMire twautifui *< ii> Fi lt i.» ’i'i<. ■ / > i *; »>< < 
than m&l»% 2 i>§, 3?M *», \* > */«'« 

nr//rf, colour* of pupa of 11*1 '/<• < "< h 

115 ; iup* rirnewP* on <*olo»r* of IVi* * h » 13 e • * *w * 

C of, 1111 IIS, fflllttlr IiltiSi* ^?|oi hi * T* V** '/* * % ■ <>* 

ufisl fliftii iiihIo, ‘203, 33 S J* , m 1 * V\ 1 » so 

Pigeons#, egga of, tiI, f/2 ; t *ji!fhfl<\ *'*b* i * < \ > ,% ,1mi <> <■» < f ’# , 

brilliant when liii mir tant, <o ‘ if • s <3 < oi h ,* ,* v 

812 an mod i »1 » I VS nl i < ,• *o 

Pigmentary colour, II *0 t >< \ ,* o! * 13 

Pigmoute* 1 I* »M**" Ji* nI ai >» , h 

Pwi, 7B, 70 4?f/l 3 '/* I «<*;#• 

Pliuctsineftpableolrban/inf,cmlum to 4.*, uk i»*/. hi * i |o |l 

when blind, HO cb^ng* > m ♦ * #♦'»; 1 3i ,* % * 

Plmrmmtklu , cnUmt i of, tin chang* ot , **4.4, * r* 13 l f ., 

P&ciloramfHi /w/4#ft, kiwi of, M rh I I #<; I? o t. «- 

Poikllnthin«i« mdmnU, IK foil Moos"?, It, 13 i, << m,♦»***.I 

Pollack, f’tpeiiMMite with, IWt* with Wanting 1* /, 

201 1 l«» 

Polyrirrua aunmtUu m t \\ anting Vi^h to,* *j/i>yHP»'fi < I */M -« o ?>f 
Oolmira of tentaeb 200, **M eh **** *H ? i 1 t ‘*1 

Pdlftmmatuii* ftftjwifiif b* tel si < Pi * tt In? ( » i <t» ^ i i * 

wrong < ml of Imdy, 2Uh t Ml , 4.3# 

Poplar Kitten, ttlf» ' P ^ «4* |4 4l •• f * 

Port he: io (/ t^urn.) onnftoo, ox* ( ,%f!i 

perimenlH on tnlmiiH of ntmou ' P^iff t -v 33**, 

of, 140; deh'fi'iive iilmitp <4 ‘ rt'# 

larva of, 171; In it ifing of ft erto ^ ^ »f» 

larva of, 17*2 ; Mhmvry oh *Pil , /hi 

SIS ; , ru^ of ho - .*, *0 , '•>* 

PorttigtiiiH* 4 iiiiiii4tf*tt#ir,ri»lfrtiriif* 2 geto y*t*.iori t f f fr 
Powilor, white appearance *>f, 4 I «lli» of, r;i 

Cf#Ionr«, Ml, 11 t*mpU* 1 roj* let % * f 

Privet Ifawk Moth,itlmtuM’ivmdnur , 
of larva of, 4*2, IS, ill; ot \ p4m M^l!#, we 1 /♦, r i * w,' , 1 
perimente «m fnlmira #tf larva »4, f/# h?i^| l.afo, Pi^p- ii%« lh 

14h I W f i4*l#l»f4r« el t»soih k7 

Prooryptic folftiiw, S’ih, iU7 n ¥ 4tm %%%% C 4 itlr4iit«| i«f \% >4 M 3 IVh, 

Protective Mimicry, SO, SMI # 2tth; M4rp»»*4 «nh 4% 4 « i f! 

lifstl»gai«liwl fioiti Piotm^ho ' of, !7h 

Eoit^Mltkuce, 71* S*23, ii^loi| ] 

of,21i-SW; relation in evohn ’ I^AIilliT, 4^ %4 1&A <f 

tion,210«2S0, *m mn ; relaflon 5 II ‘ili/ipj 
to Wanting Colotifi, TM 2fS; Itoiw frmprtm wa, pt^i’f i,f 
in Lopybptera, f 4 M §44 ; lly gmg ^«lr,%r* ^ 

manopteraaa mo4#te for Mini* Itettte %m%*u t mimm th 

cry, 245-203 t §55-257; ifiiilew g til 
mimicked by ante, §55*257; s IImw liill #g« «4 



Index oe subjects 


357 


BEC 

Recognition Markings, 210-215, 
B37, 838; in mammals, 211, 212 ; 
in birds, 212, 213; in insects, 
213-215; principle of, believed to 
account for sexual colours, 314 
Bed Admiral Butterfly, 54 ; mean¬ 
ing of colours of pupa of, 138 
Bed-backed Shrike, nest and eggs 
of, 65 

Bed Underwing Moth, a use of hind 
, "wings of, 206 
Regent bird, habits of, 320 
Reptiles, Protective Besemblances 
in, 60; Variable Protective Re¬ 
semblance in, 84 ; Warning 
Colours in, 168, 164 
Rwnia cratcegata , larva of, 31, S3; 
experiments on colours of cocoon 
of, 146, 156; experiments on 
colours of larva of, 151, 152, 156 
Ruminants, Becognition characters 
in, 212 

Rupture-wort, effect of cessation of 
insect agency upon, 318 

CUTIS J ?VLEX t courtship of, 
^ 298, 299 

Salcmandra maculosa,, probable 
Warning Colours of, 165 
Sallow Kitten, 315 
Sand Wasps as models for Mimi¬ 
cry, 266 

Satin Bower-bird, habits of, 320 
— Moth, as model for Mimicry, 
241-243 

Satwrma, carpini, colour of larvae, 
18; experiments on colours 
of cocoon of, 142, 148; court¬ 
ship of, 288, 289; courtship 
in captivity, 289 ; recent de¬ 
generation of female, 294, 295 
Saw-flies, defensive glands of larvae 
of, 171,172 

Sca/phzvra t Mimicry of, 266 
Sea-anemones, Warning Colours 
of, 166; tentacles of, distasteful 
to fish, 200; associated with 
crabs, 202, 208 


SMA 

Sea Horse, Australian, Protective 
Resemblance of, 67, 68 
Sea-urchins covered with pebbles, 
&c., 77 

Seasonal Dimorphism, 49-50 
Solenia illunaria , larva of, 29, 83 
Sematic Colours, 336, 337, 338 
Sesia bombyliformis, Mimicry of, 
246 

— jusiformis , Mimicry of, 246 
Sexual Colours, 21, 22, 284-335; 

relation to Warning Colours, 
189-196; only developed in 
species which court by day, 331; 
only developed on visible parts 
of the body, 332 ; placed so as 
to be best seen Tby the female, 
332-334 

— Selection, 21, 22 ; theory of, 
284-287; completely subordinate 
to Natural Selection, 285, 307- 
313 ; only explanation of colours 
displayed in courtship, 829, 330 

Shark Moths, 58 
Shells, cause of iridescence, 10 
Shrimps and prawns much sought 
after by fish, 204 
Signalling Colours, 336, 337, 338 
Significant colours, 15-22 
Silver-washed Eritillary, dimor¬ 
phism of female, 49; experi¬ 
ments on colours of pupa of, 
141 

Skunk, Warning Colours of, 161, 
162; white tail of, compared 
with that of rabhit, 211, 212 
Skylark, young of, possibly killed 
by hairs of ‘ Palmer Worm,’ 172 
Small Eggar Moth, experiments on 
colours of cocoon of, 144-146 

— Emerald Moth, larva of, 29 

— Garden White Butterfly, see 
Pieris rapes 

— Heath Butterfly, eye-like spot 
on wing of, attractive to lizard, 
207 

— Tortoiseshell Butterfly, see 
Vanessa, w'Uccs 
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Smerinthus ocellatus , larva and 
eggs of, coloured by chlorophyll, 
80; experiments on colours of 
larva of, 147-149, 157 

— tilicB , experiments on colours 
of larva of, 149 

Snakes, colours of, 25 ; Protective 
Resemblance in, 60 ; Aggressive 
Resemblance in, 72 ; especially 
fond of Tree Frogs, 109 ; Warn¬ 
ing Colours in, 165, 164; as 
models for Mimicry, 257-265; 
pursuing lizards, 261, 262; 
Mimicry of, 265 

Snow Bird, colour not changed in 
mild winter, 106 
Snow, cause of whiteness, 5 
Soap-bubble, cause of colours, 7, 8 
‘ Soldiers and sailors,’ Warning 
Colours of, 177 
Sole, colour of, 68 
Song, beauty of, unnecessary for 
recognition, 319, 820 
Sparrow, frightened by Chccro - 
campa , 260 

— Hawk, change in colour of 
feathers, 105, 106 

Special Resemblance, 20, 24-26 
Sphecia apiformis, Mimicry of, 
246, 247 

— bembeciformis , Mimicry of, 246- 
248 

Sphmx convolvuli, dimorphism in 
larva of, 47, 48 ; experiments on 
colours of larva of, 157 
SpTvmx ligmtri, larva of, 42, 43, 
45; change in colour of latva 
of, 93; experiments on colours 
of larva of, 149 

Spiders, Protective Resemblance 
of, 59; Alluring Colouration of, 
75 *, refusing to eat conspicuous 
caterpillars, 168, 169, 181; do 
not attack HeUconMce , 228; 
exception to this, 229 ; mimick¬ 
ing ants, 255-257; Aggressive 
Mimicry of, 266, 268 ; as model 
for Mimicry, 279, 280; court- 
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ship of, 297-305; battles be¬ 
tween males, 310 

Spilosoma, menthastri , as probable 
model for Mimicry, 240 
Sponges, Warning Colours of, 166 ; 
associated with Crustacea, 203, 
204; extremely repugnant to 
fish, 203, 204 

Spotted fly-catcher, egg of, 65 

— Bower-bird, habits of, 320 
Squirrel, a use of bushy tail of, 209 
Stauropus fagi, concealment of 

larva of, 278; terrifying attitude 
of larva of, 279, 280; enemies 
alarmed by, 280, 281 ; deceptive 
appearance of ichneumon sting 
upon, 281, 282; frequent failure 
of defence, 282, 283 
Stenopics , use of ‘tail ’ of, 210 
Stefiorhpnchus , 78, 79 
StilpnoUa, salicis , as model for 
Mimicry, 241-243 
Stoat, winter change of colour in, 
101, 102 

Straw Belle, larva of, 34 
Structural colours, 11 
Suberites domuncula, associated 
with Pagurus cuanmsis, 203 
Summary and Classification, 336- 
339 

Swallow Prominent, 315 
Swallow-tailed Butterfly, colours 
of pupa of, 113, 114, 118; ex¬ 
periments on pupa of, 139 

— butterflies, experiments on 
pupae of, 115-118, 139 ; Mimi¬ 
cry in African species, 216, 217, 
234-238; mimicking in S. 
American species, 232, 239; 
as models for Mimicry, 234; 
Mimicry in Asiatic species, 234, 
239 

— Moth, larva of, 27; Variable 
Protective Resemblance in pupa 
of, 111, 112; cocoon of, 112 

Synageles picata , Mimicry of, 256, 
257, 268; courtship of, 301, 306, 
311 
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Synemosym formica,, Mimicry of, 
257 

T AXJ RMPEROR MOTH, Mimicry 
of larva of, 263,264; courtship 
of, when wild and in captivity, 
289 

Telephones ,Warning Colours of, 177 
TerebelUdce , sand-tube of, 78 ; 

Warning Colours in, 201 
Theda, apparent head at wrong 
end of body, 207,208 
— Iarbas , apparent head at wrong 
end of, 208 

— W-Cblbum, apparent head at 
wrong end of, 208 

Tiger, marks on head believed to 
be related to surface of brain, 823 
Tiger-beetle, as model for Mimicry, 
252,266 

Trach/musv'vpera, Warning Colonrs 
of, 165, 166 

Tree Prog, power of changing 
colour, 83; change of colour 
protective and aggressive, 109 ; 
eats ladybird when hungry, 180 
Trichcptera,, 77 
Tropidonotus natrix, 60 
' Trout, colour of, varies according to 
the surroundings, 82 ; incapable 
of changing colour when blind, 
86; explanation of blackness 
when blind, 89, 90; changes of 
colour essentially protective, 87; 
food of, when blind, 87,88 
Tryphcma, wings of, seized by 
enemies, 206 
— promeba, 56 
Turbot, colour of, 68 
* Tussocks,’ defensive value of, 
196-198 

Tussock Moth, see Orgyia pudi- 
btciida, 


TTBOPTERYZ SAMB U- 
^ CAT A , larva of, 27 ; "Variable 
Protective Resemblance in pupa 
of. Ill, 112; cocoon of, 112 


J/’A G CINIUM, collected by 
r Gardener Bower-bird, 822 

Vanessa,, metallic pupae of, 9 

— atalcmta, 54; meaning of colours 
of pupa of, 138 

— Io, 54 ; suspension of pupa of, 
112; experiments on colours of 
pupa of, 119, 120, 142 ; meaning 
of colours of pupa of, 187, 138 ; 
warning habits of larva of, 171 

— polychloros, suspension of pupa 
of, 112 ; colours of pupa of, 114 ; 
experiments on colours of pupa 
of, 141, 142 

— wriiccB, 54 ; dark colour of larvae, 
18 ; suspension of pupa, 112 ; ex¬ 
periments on colours of pupa of, 
117, 120-182, 141,142,145, 148 ; 
determination of susceptible 
period, 124-127 ; and of suscep¬ 
tible part, 128-182; meaning of 
colours of pupa of, 188, 139; 
warning habits of larva of, 171 

V apourer Moth, defensive ‘ tussocks’ 
of larva of, 197,198; degenera¬ 
tion of female, 295 

Variable Protective and Aggressive 
Resemblance, 26 

-Resemblance, 26, 81-158; in 

Vertebrata, 81-106; in fishes, 
82, 83; in Amphibia, 83; in 
reptiles, 84 ; rapid changes de¬ 
pending upon the eye, 84, 85; 
absent in blind vertebrate ani¬ 
mals, 85, 86; essentially pro¬ 
tective, 87; absent in chamseieon 
before death, 88,89 ; in northern 
mammals, 92-104 ; in Hudson’s 
Bay Lemming, 94,95; in Ameri¬ 
can Hare, 95-99 ; physical and 
physiological explanation of, in 
arctic mammals, 98-101; vary¬ 
ing in different districts, 101, 
102 ; lost in certain mammals, 
102, 103 ; biological value, 10S, 
104; in birds, 104-106; in cer¬ 
tain invertebrates, 107, 108; 
Protective and Aggressive, 109 ; 
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in insects, 110-158; in chrysa¬ 
lides, 111-142 ; in cocoons, 142- 
146; in caterpillars, 146-153 ; 
probable, in certain moths; 157, 
158; differences between slow 
and rapid, 154,155; no explana¬ 
tion of the origin of colour, 155- 
157 

Vertebrata, Protective Resemblance 
in, 60-69 ; as models for Mimi¬ 
cry, 257-265 

Vespa* vulgaris, as model for Ag¬ 
gressive Mimicry, 267. See also 
Wasps 

Viper, 60 ; Protective Resemblance 
•of, 163 

Vitality believed to account for 
colour, 322-325; criticisms upon, 
325-330 

Voltccella, Aggressive Mimicry in, 
267 

— Bombylans, Aggressive Mimi¬ 
cry of, 267 

Volucella inanis , Aggressive 
Mimicry of, 267 

W ALKING-STICK’ insects,58 
Warm-blooded animals, 
18,100 

Warning Colours, 21, 159-215, 
336-338; distinguished from 
Protective and Aggressive Re¬ 
semblances, 159, 160; value of, 
160, 161; in Mammalia, 161, 
162; in reptiles, 163, 164 ; in 
Amphibia, 164, 165 ; in marine 
animals, 165, 166; in cater¬ 
pillars, 166-174; in the other 
stages of Lepidoptera, 174-177 ; 
in Coleoptera and Hymenoptera, 
177, 178; only safely adopted 
when food is abundant, 178-181, 
182-184; probably without effect 
on parasites, 181, 182; resem¬ 
blance between colours and 


ZY& 

patterns,. 184-186, 191-196; 

causes determining such resem¬ 
blance, 186-188; relation to 
sexual colouring, 189-191; con¬ 
centrated in special parts, 196- 
201; adventitious, 202-204; direct 
attention to non-vital parts, 204- 
210 ; for Recognition, 210-215 ; 
relation to Mimicry, 220-223 

Wasp stores Heliconidce in its 
nest, 229 

Wasps, Warning Colours of, 178, 
186; as models for Mimicry, 
245, 247, 249, 250, 266, 267 

Weever-fish, Warning Colours of, 
165, 166 notes 

White ants, as models for Aggres¬ 
sive Mimicry, 266 

— appearance due to light being 
scattered, 3-6 

— Ermine Moth,as probable model 
for Mimicry, 240 

Wood-pigeon, egg of, 61, 62, 68 

Wrasse, skill in finding shrimps, 
204 

"V” ENOBBOBA, inclusion of 
fragments of rook, Ac., in 
the shells of, 77,-78 

Y ELLOWHAMMER, egg of, 65 
Yellow Underwing, 56 
Yellow Underwing Moths, wings of, 
seized by enemies, 206 

Z EBRA, colours of, 25; pattern be¬ 
lieved to be due to skeleton, 323 
Zeuzera cesculi, nauseous in the 
imago stage only, 175 
Zygoballus Bettmi, battles between 
males of, 310 

Zygcena t Warning Colours of ima¬ 
gines of, 175 

Zygcenidce , similarity of Warning 
Colours of, 196 
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